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Executive Summary

Introduction
The South Florida Water Management District (District) is
conducting research focused on determining the effectiveness
and design criteria of potential advanced treatment technolo-
gies to support reduction of phosphorus (P) loads in surface
waters entering the remaining Everglades (SFWMD, 2000).
Particular focus is being placed on the treatment of surface
waters from the Everglades Agricultural Area (EAA) as well as

Lake Okeechobee water that is diverted through the primary canal system to the Lower East
Coast of Florida.

Periphyton-based stormwater treatment areas (PSTAs) are one of the advanced treatment
technologies being researched by the District for potential application downstream of the
macrophyte-based stormwater treatment areas (STAs). The PSTA concept was proposed for
P removal from EAA waters by Doren and Jones (1996) and further described and evaluated
by Kadlec (1996a) and Kadlec and Walker (1996). Because of the nutrient intolerance of
periphyton, evaluations remain focused on PSTAs as post-STA treatment units intended to
help achieve compliance with the anticipated ultimate total phosphorus (TP) criterion of
10 parts per billion (ppb) or less.

In concept, the periphyton complex is hypothesized as being capable of extraction of
available phosphorus in the water introduced into the system and incorporation of that
phosphorus into the biomass of the periphyton mat. Settling of detrital matter contributes to
the long-term phosphorus storage. Additionally, because of the high primary productivity
of these periphyton systems, water quality conditions favor phosphorus precipitation and
binding into the newly formed sediments. The result is a water outflow with much of the
available phosphorus scavenged and retained in the system. These concepts are depicted in
Exhibit ES-1.

EXHIBIT ES-1
Schematic Diagram of the Periphyton Stormwater Treatment Area (PSTA) Concept

Substrate



PSTA PHASE 1 SUMMARY REPORT

ES-2 DFB\15708.DOC

Prior to initiation of the District’s PSTA project in July 1998, detailed research to evaluate
PSTA feasibility had not been performed. The overall objectives of the study were to
determine:

•  If PSTA systems could be constructed (viability),

•  If such constructed wetlands could achieve the level of phosphorus reduction desired
(effectiveness) and if so,

•  Whether the treatment performance could be sustained for long time periods allowing
cost-effective integration of PSTAs with other treatment technologies (sustainability).

A two-phased approach was adopted to address the stated objectives of the PSTA concept
evaluation: an Experimental Phase (Phase 1), and a Validation/Optimization Phase
(Phase 2). The two phases, and the types of activities that are included in each, are described
as follows:

•  Phase 1 (Experimental Phase) included development of the work plan and experimental
design, initial research in three experimental test cells (PSTA Test Cells) located at the
southern end of the Everglades Nutrient Removal (ENR) project (see Exhibit ES-2 and
SFWMD 2000 for location of sites), and construction and startup/monitoring of research
using 24 portable experimental mesocosms (Porta-PSTAs). The Phase 1 experimental
studies have yielded critical information needed to plan for field-scale mesocosm (Field
PSTAs) design and construction in Phase 2. Development of a forecast model and asso-
ciated predictive tools has occurred, along with preliminary model calibration with the
Phase 1 experimental data.

EXHIBIT ES-2
Locations of District PSTA Research Sites

Lake Okeechobee

STA-1W

STA-1E

ENR PSTA
Site

STA-2
STA-3/4STA-5

STA-6 Field-Scale
PSTA Site
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•  Phase 2 (Validation/Optimization Phase) will include continued research in the ENR
PSTA Test Cells and in the Porta-PSTAs, and new studies at the field-scale pilot PSTAs
under construction immediately west of STA 2. During Phase 2, the expanded database
will be used to validate the performance forecast model, and develop design criteria for
a full-scale PSTA system. The forecast model will be applied to provide projections of
the long-term cost of implementing PSTAs to meet ultimate P reduction goals under the
Everglades Forever Act (EFA).

In the aggregate, the PSTA Research and Demonstration Project is designed to develop
defensible conclusions related to specific hypotheses that are relevant to key research
questions and design issues described in the PSTA Research Plan (CH2M HILL, 1999). This
report provides a summary of the Phase 1 findings.

Experimental Mesocosm Design
Exhibit ES-3 provides a summary of the treatments used for Phase 1 of the PSTA Research
and Demonstration Project. A more detailed description of the two mesocosm scales is
provided in the following sections and in Appendices B and C.

EXHIBIT ES-3
PSTA Phase 1 Design Criteria and Experimental Treatments

  Area Soil
Water
Depth HLR Depth:Width  

Treatment Cells (m2) Type (cm) (cm/d) Ratio Other Considerations
PP-1 9, 11, 18 6 peat 60 6 0.6 Macrophytes
PP-2 4, 7, 8 6 shellrock 60 6 0.6 Macrophytes
PP-3 12, 14, 17 6 peat 30 6 0.3 Macrophytes
PP-4 3, 5, 10 6 shellrock 30 6 0.3 Macrophytes
PP-5 2, 13, 16 6 shellrock 60 12 0.6 Macrophytes
PP-6 1, 6, 15 6 shellrock 0-60 0-12 0-0.6 Macrophytes
PP-7 19 6 sand 30 6 0.3 Macrophytes
PP-8 20 6 sand 60 6 0.6 Macrophytes
PP-9 21 6 peat 60 6 0.6 Aquashade; no macrophytes
PP-10 22 6 shellrock 60 6 0.6 Aquashade; no macrophytes
PP-11 23 18 shellrock 30 6 0.1 Macrophytes
PP-12 24 18 peat 30 6 0.1 Macrophytes
STC-1 13 2,240 peat 60 6 0.0214 Macrophytes
STC-2 8 2,240 shellrock 60 6 0.0214 Macrophytes
STC-3 3 2,240 shellrock 0-60 0-12 0-0.0214 Macrophytes

South ENR Test Cells
The South ENR Test Cells (STC) consist of 15 rectangular, 0.2-hectare (ha) cells receiving
flows from a single Head Cell. Water pumped into the Head Cell from the ENR Cell 3 flows
by gravity through a distribution manifold into each of the Test Cells. The District assigned
three ENR Test Cells to the PSTA Research Project. During final construction, substrate
within these PSTA Test Cells was modified by the District by placing the following layers of
substrate over the cell liner:

•  STC-1 (Test Cell 13) – approximately 80 centimeters (cm) of sand surcharge plus 30 cm
of locally-mined shellrock plus 30 cm of peat taken from a local, unflooded, and former
agricultural lands area
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•  STC-2 (Test Cell 8) – approximately 1 meter of sand surcharge plus 30 cm of locally-
mined shellrock

•  STC-3 (Test Cell 3) – approximately 1 meter of sand surcharge plus 30 cm of locally-
mined shellrock

Exhibit ES-4 shows PSTA Test Cell 8 (PSTA Treatment STC-2), with shellrock substrate after
nearly 1 year of colonization.

EXHIBIT ES-4
PSTA Test Cell 8 (Treatment STC-2) After Approximately 12 Months of Colonization
This photo is looking upstream from the outfall standpipes toward the inflow at the far end of the cell. Monitoring walkways
are located at 1/3 and 2/3 points along the flow path.

Porta-PSTA Mesocosms
Twenty-four Porta-PSTA mesocosm units were fabricated of fiberglass offsite and delivered
to the South ENR Supplemental Technology Research Compound. Twenty-two of the fiber-
glass tanks are 6 meters long by 1 meter wide by 1 meter deep. The remaining two tanks are
3 meters wide to allow assessment of mesocosm configuration effects. Exhibit ES-5 shows
the layout of typical 1- and 3-meter-wide mesocosms in relation to the constant-head tank
and inlet manifolds.

Porta-PSTA treatments focused on the following primary design variables:

•  Substrate type – either organic soils (peat) or shellrock
•  Water depth
•  Hydraulic loading rate (HLR)
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EXHIBIT ES-5
Porta-PSTA Tank 23 (Treatment PP-11) After 11 Months of Colonization
This 6 x 3 meter tank has shellrock soils and was operated at a 30-cm water depth. Floating periphyton mats are visible
among the sparse emergent macrophytes. Narrow tanks can be seen in the background as well as the constant Head Tank
used to feed all mesocosms at this site.

Substrate and water depth were replicated in a complete factorial design while hydraulic
loading was only varied on the shellrock substrate.  All Porta-PSTA treatments were planted
with an initial low density of emergent macrophytes.

In addition to these primary treatment variables, these smaller PSTA mesocosms were also
screened for effects of:

•  Scale (l x 6 meter vs. 3 x 6 meter)
•  Sand substrate (relatively inert with respect to oxygen demand and total P content)
•  Unvegetated controls with Aquashade (aquatic dye) to reduce periphyton growth

Phase 1 Experimental Results
As outlined previously, the key research questions related to the PSTA concept have to do
with viability, effectiveness, and sustainability:

•  Viability: Can periphyton-dominated ecosystems for P control be established?
•  Effectiveness: Can P removal and retention be achieved?
•  Sustainability: Can PSTA viability and effectiveness be maintained for the long-term?
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Phase 1 research dealt primarily with the issues of viability and effectiveness. Viability was
assessed by the observed growth of periphyton-dominated plant communities in the PSTA
mesocosms. Effectiveness was evaluated based on the ability of the PSTA test systems to
achieve low TP outflow concentrations and by estimating the TP removal rate constant that
ultimately determines the necessary footprint to implement the PSTA concept.

Plant Community Establishment
A total of 361 algal taxa were identified in the PSTA periphyton samples. Exhibit ES-6
provides a summary of the dominant species (defined as those that most frequently
comprised more than 10 percent of the cell count or biovolume totals). Filamentous green
algae were observed to occupy the front end of the mesocosms in areas of measurable
dissolved reactive P (DRP), while filamentous blue-greens and diatoms dominated floating
and benthic periphyton mats throughout the majority of the test systems.

Ash-free dry weight biomass increased to sustainable levels (typically between 100 and 600 
grams per square meter [g/m2] in all mesocosms and Test Cells) within 1 to 2 months from
startup. Chlorophyll a (corrected for pheophytin) and algal biovolume continued to increase
throughout the study period. Average chlorophyll a concentrations were between 40 and
200 milligrams per square meter (mg/m2).

Eleocharis cellulosa (spikerush) and Utricularia spp. (bladderwort) were purposely added to
most of the PSTA mesocosms. Natural Everglades periphyton-dominated plant communi-
ties include these macrophytes and it was decided to include them in the test mesocosms
because of their ability to add periphyton attachment sites and stability against wind-
induced periphyton mobility. Typha latifolia (cattail), Hydrilla verticillata (hydrilla), and Chara
spp. (stonewort) invaded some of the PSTA mesocosms. Macrophyte biomass estimates
indicated that the peat soil mesocosms were overwhelmed by macrophyte growth (see
Exhibits ES-7 and ES-8), dominating visual plant cover estimates. Nevertheless, macrophyte
cover dominance did not appear to limit the periphyton community importance in peat-
based mesocosms as measured by chlorophyll a and algal biovolume.

Inflow Phosphorus Concentrations
Inlet P concentrations were variable throughout the project period (see Exhibits ES-9 and
ES-10). While mean TP concentrations were similar at the Porta-PSTA and Test Cell sites
(23 micrograms per liter [µg/L]), TP concentrations were greater at the Test Cells during late
summer and higher at the Porta-PSTAs during the early spring and late winter. These
differences in TP were largely attributable to complex seasonal variations in the
concentrations of total dissolved P (TDP) and total particulate P (TPP) in the two water
supplies. On the average, TDP comprised 52 and 70 percent of TP at the Test Cells and
Porta-PSTAs, respectively. DRP was approximately 5 and 6 µg/L, respectively, while
dissolved organic P (DOP) averaged 7 and 11 µg/L in the inflow waters, respectively.
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Eleocharis cellulosa (spike rush) and Utricularia sp. (bladderwort) were purposely added to
most of the PSTA mesocosms. Natural Everglades periphyton-dominated plant communities
include these macrophytes and it was decided to include them in the test mesocosms because
of their ability to add attachment sites and stability against wind-induced mobility. Typha
latifolia (cattail), Hydrilla verticillata (hydrilla), and Chara sp. (stonewort) invaded some of
the PSTA mesocosms. Macrophyte biomass estimates indicated that the peat soil mesocosms
were overwhelmed by macrophyte growth (Table 3), dominating visual plant cover
estimates. Nevertheless, macrophyte cover dominance did not appear to limit the periphyton
community importance as measured by chlorophyll a and algal biovolume.

Inflow Phosphorus Concentrations

EXHIBIT ES-6
Dominant Algal Species in PSTA Mesocosms During Phase 1
Principal algal groups on all substrates were blue-greens and diatoms.

    Long-Term Averages
Percent of Samples

> 10% of Total Cell Counts Biovolumes
Taxon Phylum Cell Counts Biovolumes (# cells/m2)*106 (cm3/m2)

MASTOGLOIA SMITHII Bacillariophyceae 26.3% 861 2.994
LYNGBYA LIMNETICA Cyanobacteria 15.9% 5.2% 65617 1.640
OSCILLATORIA ANGUSTISSIMA Cyanobacteria 14.8% 19043 0.038
OSCILLATORIA LIMNETICA Cyanobacteria 13.7% 46492 0.325
RHOPALODIA GIBBA Bacillariophyceae 10.4% 87 2.197
SCYTONEMA SP? Cyanobacteria 1.1% 7.8% 6650 9.211
LYNGBYA LAGERHEIMII Cyanobacteria 7.4% 14333 0.086
MASTOGLOIA SMITHII V LACUSTRIS Bacillariophyceae 7.4% 765 1.229
CYLINDROSPERMUM SP Cyanobacteria 5.9% 0.7% 7355 0.299
APHANOTHECE STAGNINA Cyanobacteria 4.4% 0.7% 12988 0.312
OEDOGONIUM PUNCTATOSTRIATUM Chlorophyta 0.4% 4.4% 237 1.905
OSCILLATORIA FORMOSA Cyanobacteria 3.3% 1.5% 8893 0.703
APHANOCAPSA DELICATISSIMA Cyanobacteria 4.1% 7787 0.008
MASTOGLOIA LANCEOLATA Bacillariophyceae 3.7% 154 1.036
JOHANNESBAPTISTIA PELLUCIDA Cyanobacteria 2.6% 0.7% 2922 0.164
APHANOTHECE SMITHII Cyanobacteria 3.0% 7466 0.044
AMPHORA LINEOLATA? Bacillariophyceae 2.6% 111 0.606
LYNGBYA SP (SMALL) Cyanobacteria 2.6% 11604 0.058
NITZSCHIA SEMIROBUSTA Bacillariophyceae 2.6% 382 0.225
OSCILLATORIA PRINCEPS Cyanobacteria 2.6% 860 5.401
SCHIZOTHRIX ARENARIA? Cyanobacteria 2.6% 29670 0.386
EUGLENA SP Cyanobacteria0 2.2% 53 0.685
OEDOGONIUM SP Chlorophyta 0.4% 1.9% 344 0.691
CHROOCOCCUS MINIMUS Cyanobacteria 1.9% 4229 0.017
GYROSIGMA OBSCURUM? Bacillariophyceae 1.9% 27 0.235
MICROCYSTIS FIRMA Cyanobacteria 1.9% 3072 0.025
NITZSCHIA SERPENTIRAPHE Bacillariophyceae 1.9% 112 1.041
OSCILLATORIA SP (SMALL) Cyanobacteria 1.9% 6304 0.031
OSCILLATORIA LIMNETICA? Cyanobacteria 1.5% 7586 0.053
OSCILLATORIA LIMOSA Cyanobacteria 1.5% 2507 0.998
PINNULARIA VIRIDIS Bacillariophyceae 1.5% 13 1.107
SPIROGYRA SP Chlorophyta 1.5% 24 2.180
UNID FILAMENTOUS CHLOROPHYTA Chlorophyta 1.5% 725 0.582
GOMPHOSPHAERIA APONINA Cyanobacteria 1.1% 1581 0.044
OSCILLATORIA AMPHIBIA Cyanobacteria 0.7% 0.4% 5347 0.342
PINNULARIA RUTTNERI Bacillariophyceae 1.1% 27 1.186
RHABDODERMA LINEARE? Cyanobacteria 1.1% 4277 0.192
APHANOCAPSA CONFERTA Cyanobacteria 0.7% 4109 0.016
APHANOTHECE STAGNINA? Cyanobacteria 0.7% 2912 0.070
CHROOCOCCUS DISPERSUS Cyanobacteria 0.7% 3637 0.051
ENCYONEMA EVERGLADIANUM Bacillariophyceae 0.7% 1165 0.219
FRAGILARIA FASCICULATA? Bacillariophyceae 0.7% 75 0.139
LYNGBYA AESTUARII Cyanobacteria 0.4% 0.4% 1044 0.277
LYNGBYA EPIPHYTICA Cyanobacteria 0.7% 9984 0.060
LYNGBYA LIMNETICA? Cyanobacteria 0.7% 5329 0.133
NITZSCHIA SIGMOIDEA Bacillariophyceae 0.7% 7 2.599
PLAGIOTROPIS LEPIDOPTERA Bacillariophyceae 0.7% 8 0.152
SPHAEROCYSTIS SCHROERTERI Chlorophyta 0.7% 2031 0.230
APHANOCAPSA GREVILLEI Cyanobacteria 0.4% 1296 0.084
CHROOCOCCUS SP Cyanobacteria 0.4% 766 0.427
CLOSTERIUM ACEROSUM Chlorophyta 0.4% 0 0.360
CLOSTERIUM LUNULA V MASSARTII Chlorophyta 0.4% 1 0.319
COSCINODISCUS GRANII Bacillariophyceae 0.4% 10 3.444
CYMBELLA ASPERA Bacillariophyceae 0.4% 1 0.052
DIPLONEIS SMITHII Bacillariophyceae 0.4% 16 0.787
FRAGILARIA ULNA Bacillariophyceae 0.4% 25 0.291
GLOEOCAPSA SP Cyanobacteria 0.4% 1999 0.008
GOMPHOSPHAERIA SP Cyanobacteria 0.4% 180 0.012
GYROSIGMA NODIFERUM Bacillariophyceae 0.4% 10 0.051
LEMMERMANNIELLA PALLIDA Cyanobacteria 0.4% 2173 0.013
LYNGBYA AERUGINEO-CARULEA? Cyanobacteria 0.4% 5713 0.674
MERISMOPEDIA GLAUCA Cyanobacteria 0.4% 1268 0.018
MICROCYSTIS AERUGINOSA Cyanobacteria 0.4% 3053 0.104
NITZSCHIA SERIATA Bacillariophyceae 0.4% 26 0.044
OOCYSTIS SOLITARIA Chlorophyta 0.4% 102 0.138
OSCILLATORIA SP Cyanobacteria 0.4% 1137 0.028
SCYTONEMA HOFMANII? Cyanobacteria 0.4% 2047 0.153
STAURASTRUM CYCLACANTHUM Chlorophyta 0.4% 5 0.107
SURIRELLA ELEGANS Bacillariophyceae  0.4% 1 0.152
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EXHIBIT ES-7
Photograph of PP-12 (Tank 24) Showing Dense Colonization by Spikerush
Average live stem count in this tank was approximately 300 stems/m2 by the end of Phase 1. Periphyton biomass and algal
cell counts remained high, even with macrophyte cover.

Phosphorus Removal Performance
Exhibit ES-11 summarizes the TP concentrations and estimated k-C* model parameters for
each treatment during the post-startup period-of-record. Values for k1 are also summarized
in Exhibit ES-11 and offer a normalized comparison between treatments.

P removal rate constants generally increased through the period of the Phase 1 PSTA
research (see Exhibit ES-12). An initial startup period is evident in the data during the first 3
to 5 months of system operation, followed by apparent seasonal patterns in the semi-mature
PSTA mesocosms.
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EXHIBIT ES-9
Temporal Pattern of Inflow P Concentrations to the PSTA Test Cells During Phase 1

EXHIBIT ES-8
Average Total Macrophyte Biomass in the PSTA
Mesocosms During Phase 1

Treatment Soil Type
Biomass
(g dw/m2)

PP-1 Peat 75.1
PP-2 Shellrock 19.4
PP-3 Peat 214.8
PP-4 Shellrock 21.5
PP-5 Shellrock 26.0
PP-6 Shellrock 13.7
PP-7 Sand 0.0
PP-8 Sand 3.4
PP-9 Peat 0.0
PP10 Shellrock 0.0
PP-11 Shellrock 88.5
PP-12 Peat 176.2
TC-1 Peat 582.1
TC-2 Shellrock 60.9
TC-3 Shellrock 55.4
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EXHIBIT ES-10
Temporal Pattern of Inflow P Concentrations to the Porta-PSTA Mesocosms During Phase 1

EXHIBIT ES-11
Average Performance and Estimated Parameters for the k1 and k-C* Models from the PSTA Phase 1 Mesocosm Research

 
Average TP

(mg/L)

Treatment Soil Type
Water Depth

(cm) In Out
HLR

(m/yr)
k1

(m/yr)
k

(m/yr)
C*

(mg/L)
PP-1 Peat 60 0.020 0.014 34.9 11.23 25.8 0.009
PP-2 Shellrock 60 0.020 0.013 33.4 13.91 39.1 0.010
PP-3 Peat 30 0.025 0.015 31.9 15.69 32.7 0.010
PP-4 Shellrock 30 0.025 0.014 32.5 18.12 33.4 0.009
PP-5 Shellrock 60 0.025 0.017 62.8 27.01 68.1 0.013
PP-6 Shellrock 0-60 0.026 0.015 16.5 9.06 23.4 0.010
PP-7 Sand 30 0.025 0.015 31.4 16.20 41.7 0.012
PP-8 Sand 60 0.020 0.016 33.9 7.84 89.3 0.015
PP-9 Peat 60 0.026 0.020 34.9 8.16 35.5 0.012

PP-10 Shellrock 60 0.026 0.015 32.4 17.73 45.4 0.012
PP-11 Shellrock 30 0.025 0.016 32.5 14.94 34.0 0.012
PP-12 Peat 30 0.025 0.017 32.7 13.16 36.2 0.013
STC-1 Peat 60 0.025 0.016 16.5 6.94 16.6 0.012
STC-2 Shellrock 60 0.024 0.013 16.9 9.58 26.3 0.011
STC-3 Shellrock 0-60 0.023 0.018 17.0 4.30 14.5 0.013

Notes:
Data are for the period-of-record after the end of startup. C* is set equal to the lowest observed monthly
average. The k1 values are post startup averages and assume C*=0. The k values are estimated by the Excel
Solver routine to minimize the difference between observed and estimated monthly average outflow TP
concentrations.
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EXHIBIT ES-12
Pattern of Monthly Average TP k Values Measured in the Porta-PSTAs During Phase 1

The following conclusions concerning effectiveness were drawn from these Phase 1 research
data:

•  Estimated values for C*, the effective background TP concentration resulting from
internal and external loadings and removals, ranged from 9 to 15 µg/L

•  Estimated TP k values ranged from 14.5 to 89.3 meters per year (m/y)

•  Lowest post-startup treatment average TP outflow concentrations were 13 µg/L, and
lowest treatment monthly averages were 9 µg/L

•  Average TP k1 values ranged from 4.3 to 27.0 m/y
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•  There were no consistent effects of water depth (30- vs. 60-cm steady depth) on outflow
TP concentration; however, higher TP k1 values were recorded in mesocosms with
shallower depths

•  Variable water depths resulted in reduced TP removal performance compared to stable
water depths

•  Outflow TP concentrations were lower and k1 values higher in mesocosms built with
shellrock substrates than in comparable mesocosms with peat soils (see Exhibit ES-13)

•  Higher loading rates (hydraulic and TP mass) increased k1 and average outflow TP
concentration

•  A mesocosm scale effect was observed that indicated that smaller mesocosms under-
estimated outflow TP values by 0 to 14 percent and overestimated k1 values by 16 to
38 percent

•  In Aquashade control mesocosms, average outflow TP concentrations were higher but k1

values were not consistently higher or lower than vegetated treatments

EXHIBIT ES-13
Effects of Soil Type on Average TP Outflow Concentration and k1 During the Post-startup
Phase 1

Treatment Soil TP Out (mg/L) k1 (m/yr)

PP-1 Peat 0.014 11.2

PP-2 Shellrock 0.013 13.9

PP-8 Sand 0.016 7.8

PP-3 Peat 0.015 15.7

PP-4 Shellrock 0.014 18.1

PP-7 Sand 0.015 16.2

STC-1 Peat 0.016 6.9

STC-2 Shellrock 0.013 9.6

Note: Each group of treatments is identical except for soil type.

Phosphorus Dynamics and Fate
The Phase 1 PSTA research offers a variety of “clues” to the processes that are important in
P retention in periphyton-dominated treatment units. While this research has focused on the
overall input-output of TP, specific processes that have been studied include: the fate of P in
the mesocosm soils, observed non-reactive P forms, gross P accretion rates, and the effects of
snail grazing on P dynamics.

The soils represent the largest single P storage in the PSTA mesocosms and in a full-scale
PSTA. The reactivity of P in antecedent soils greatly affects the startup performance of a
PSTA (as well as other “natural” technologies, such as emergent macrophyte and sub-
merged aquatic vegetation [SAV]-dominated STAs). The PSTA research observed a declin-
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ing concentration of TP in peat soils during the first few months of flooding. Inorganic
dissolved reactive forms of P were initially released from these soils. In addition, subse-
quent tests indicated that P continued to be released from these soils, probably through
oxidation of soils in the relatively aerobic algal-dominated environment. P was also released
from shellrock and sand soils, but at a lower rate.

Net P accretion was assessed with sedimentation “traps”. These shallow containers were
placed on the soil surface for approximately 60 to 90 days. Average net dry matter and TP
accretion rates during this period were greater in shellrock mesocosms than in peat- or
sand-based systems (see Exhibit ES-14). The overall average dry matter accretion rate was
919 g/m2/y with 0.59 g TP/m2/y of which approximately 10 percent can be assumed to be
non-reactive organic P (based on separate periphyton mat measurements). A large fraction
of this dry matter is ash, including the majority of the inorganic P that consists of calcium-
bound P forms.

EXHIBIT ES-14
Sediment Trap Data from the Porta-PSTA Mesocosms During Phase 1 (July - October 1999 and November 1999 -
February 2000)

Treatment

Wet
Accretion

(cm/y)

Wet
Accretion
(mL/m2/y)

Dry
Accretion
(g/m2/y)

TP
Accretion
(g/m2/y)

Wet Bulk
Density
(g/cm3)

Dry Bulk
Density
(g/cm3)

TP
(mg/kg)

Ash
(%)

all 1.49 14944 919 0.59 0.90 0.050 644 62
peat 0.78 7775 242 0.14 0.93 0.029 653 38
sand 0.82 8164 962 0.04 0.95 0.069 236 81
shell 2.05 20497 1358 0.95 0.88 0.060 693 73
PP-1 0.96 9553 390 0.19 1.00 0.039 484 43
PP-2 1.46 14582 493 0.22 0.89 0.039 596 64
PP-3 0.66 6629 155 0.10 0.91 0.024 621 33
PP-4 4.05 40472 4230 3.13 0.90 0.100 786 84
PP-5 1.45 14477 512 0.32 0.90 0.041 688 64
PP-6 0.94 9396 552 0.36 0.86 0.070 725 72
PP-7 1.48 14788 1858 0.06 1.03 0.096 19 84
PP-8 0.15 1540 67 0.03 0.87 0.043 454 78
PP-9 0.49 4852 217 0.17 1.00 0.049 770 47
PP-10 1.49 14927 219 0.20 0.61 0.015 908 70
PP-11 3.08 30829 1829 1.37 0.95 0.067 555 83
PP-12 0.77 7686 111 0.07 0.83 0.014 897 28

Note: Gross accretion rates were estimated in 14-cm-diameter plastic traps for a 2- to 3-month period.
Values are averages of all replicates within a treatment.

Snails became the dominant grazer in some of the smaller PSTA mesocosms. Snail density
was stochastic with no apparent relation to any of the treatment variables. High snail den-
sities were linked to higher TP outflow concentrations and reduced removal rate constants
apparently because of grazing effects on the periphyton mat. It is hypothesized that snail
densities were kept in check in the larger PSTA Test Cell mesocosms by natural predators,
such as fish and birds.
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PSTA Forecast Model Development
The PSTA concept is being tested within a relatively short schedule dictated by law. Model-
ing of the key processes will allow estimation of future performance and operational costs.

Methods for forecasting PSTA operation and performance range in complexity from single-
to multiple-parameter models. One- and two-parameter model calibration results were
presented previously (K1  and K-C* models). In addition, a “Level 2” PSTA Model has been
proposed and partially calibrated to provide a more compete and mechanistic method for
performance forecasting. This model will be refined further during Phase 2.

A model of intermediate complexity has recently been developed to allow design of
advanced treatment technologies that are subject to variable flows (Walker and Kadlec,
2000). It is currently anticipated that this “Dynamic Model for Stormwater Treatment Areas”
(DMSTA) Model may be calibrated for PSTAs during Phase 2 of this project.

PSTA Phase 2 Research and Demonstration
Preliminary promising results from the PSTA Phase 1 project led to implementation of
Phase 2 research and demonstration efforts in early 2000. Phase 1 findings and review and
input by the PSTA Scientific Review Panel resulted in specific treatment and design changes
during Phase 2, as well as continuing work with the most promising Phase 1 PSTA
treatments. Possible obstacles to full-scale PSTA implementation that were identified in
Phase 1 include:

•  Monthly average TP outflow concentrations of less than 9 µg/L were not obtained on
peat, shellrock, or sand soils within a 1-year period

•  Emergent macrophyte density overwhelmed periphyton dominance on peat soils

•  Fluctuating water levels and inflow rates lowered PSTA system performance

•  The presence of abnormally high numbers of snail grazers within some of the small
mesocosms reduced PSTA effectiveness

The Phase 2 research and demonstration plan was developed to address some of these key
issues and to attempt to scale-up the PSTA concept to a realistic-sized treatment unit.
Phase 2 changes include:

•  Use of limerock soils in some Porta-PSTAs and at the field-scale pilot PSTAs to attempt
to minimize the initial available soluble P, to maximize periphyton development rates
and calcium availability, and to minimize macrophyte colonization rates

•  Use of 30 cm as the average design depth to enhance periphyton growth and to raise P
removal rates

•  Tests of the effects of increased flow velocities on P uptake, periphyton growth, and
periphyton P export at the Porta-PSTAs and field-scale pilot PSTAs

•  Evaluation of complete dry-out in the PSTA Test Cells and Porta-PSTAs on P removal
and periphyton community development
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•  Amending peat soils in a PSTA Test Cell and selected Porta-PSTAs with hydrated lime
to see if labile P can be prevented from creating high initial water column P
concentrations

•  Testing of Porta-PSTA controls without any soils and with synthetic substrate

Some Porta-PSTA and Test Cell Phase 1 treatments were not altered, allowing an additional
6 to 12 months of monitoring for observation of seasonal trends. Other treatments were
changed as described above and renumbered. Exhibit ES-15 provides a summary of the
Phase 2 treatments at the three mesocosm research scales.

EXHIBIT ES-15
PSTA Phase 2 Treatments

Phase 2
Treatment Substrate

Water Depth
(cm)

Average
Velocity (cm/s)

HLR
(cm/d)

Area
(m2)

Width
(m)

Length
(m)

PP-13 PE-CA 30 0.0014 6 6 1 6

PP-14 LR 30 0.0014 6 6 1 6

PP-3 PE 30 0.0014 6 6 1 6

PP-4 SR 30 0.0014 6 6 1 6

PP-15 SR 30 0.5000 6 6 1 6

PP-16 SR 0-30 0.0014 0-12 6 1 6

PP-7 SA 30 0.0014 6 6 1 6

PP-17 SA-R 30 0.0014 6 6 1 6

PP-18 NS 30 0.0014 6 6 1 6

PP-19 SY 30 0.0014 6 6 1 6

PP-11 SR 30 0.0014 6 18 3 6

PP-12 PE 30 0.0014 6 18 3 6

STC-4 PE-CA 30 0.0185 6 2,240 28 80

STC-5 SR 30 0.0185 6 2,240 28 80

STC-6 SR 0-30 0.0185 0-12 2,240 28 80

FS-1 LR 30 0.0730 6 19,337 61 317

FS-2 LR 30 0.2200 6 19,971 21 951

FS-3 CR 30 0.0730 6 19,337 61 317

Notes:
PE = peat CR = caprock NS = no substrate
PE-CA = peat amended with lime SR = shellrock PP = Porta-PSTA
LR = limerock SY = synthetic STC = South Test Cell
SA-R = sand rinsed with HCl SA = sand FS = Field-Scale  
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Summary of PSTA Viability and Effectiveness
The periphyton communities that became established within the PSTA mesocosms attained
biomass levels and replicated normal periphyton algal species assemblages typical of low-P
Everglades waters (Browder et al., 1994) within the first year of operation. These plant com-
munities display normal community-level responses (gross primary productivity and com-
munity respiration) to environmental forcing functions, such as sunlight and antecedent soil
conditions. Based on the conditions selected for this research, these PSTA mesocosms were
able to attain average TP outflow concentrations as low as 13 µg/L. These concentrations are
considerably lower than the long-term average outflow TP concentration from the ENR of
22 µg/L (Walker, 1999) and are comparable to ENR Cell 4 averages during the past 2 years
(13 to 15 µg/L) (DB Environmental Laboratories [DBEL], 2000).

Lower average TP outflow concentrations have been observed in natural periphyton-
dominated communities in Water Conservation Area 2A (McCormick et al., 1996), in the
southern Everglades, and in experimental mesocosms built with limerock soils (DBEL,
1999). The minimum TP values recorded during this Phase 1 research were clearly related to
internal P loading from antecedent soils. It is not currently known if these minimum
outflow TP concentrations will continue to decline with increasing system maturity and
eventual complete burial of antecedent soils. Phase 2 PSTA research includes continued
testing on shellrock soils and on calcium-amended peat soils, and testing on limerock soils
at both small and large scales to determine which of these substrates results in lower
achievable TP outflow concentrations.

The k1 values recorded in this research are comparable to or higher than values recorded for
emergent macrophyte and SAV-dominated treatment wetlands in South Florida. PSTA
Phase 1 k1 values were in the range of 10 to 27 m/y, depending on specific treatment vari-
ables. Walker (1999) determined that the overall ENR k1 value was approximately 15.5 m/y
for the period from March 1995 through November 1998. The k1 value for Cell 3 of the ENR
is probably most comparable because of similar inflow water quality conditions as the PSTA
research sites. This cell averaged k1 = 9.5 m/y during this operational period. Cell 4 of the
ENR is dominated by SAV and averaged k1 = 17.3 m/y during this same period. Continuing
research with the PSTA mesocosms needs to be conducted to validate and refine the TP
performance estimates obtained during the Phase 1 operational period.
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SECTION 1

Project Background

1.1 Introduction
The South Florida Water Management District (District) is conducting research focused on
determining the effectiveness and design criteria of potential advanced treatment technolo-
gies to support reduction of phosphorus (P) loads in surface waters entering the remaining
Everglades (SFWMD, 2000). Particular focus is being placed on the treatment of surface
waters from the Everglades Agricultural Area (EAA) as well as Lake Okeechobee water that
is diverted through the primary canal system to the Lower East Coast of Florida.

Periphyton-based stormwater treatment areas (PSTAs) are one of the advanced treatment
technologies being researched by the District for potential application downstream of the
macrophyte-based stormwater treatment areas (STAs). The PSTA concept was proposed for
P removal from EAA waters by Doren and Jones (1996) and further described and evaluated
by Kadlec (1996a) and Kadlec and Walker (1996). Because of the nutrient intolerance of
periphyton, evaluations remain focused on PSTAS as post-STA treatment units intended to
help achieve compliance with the anticipated ultimate total phosphorus (TP) criterion of
10 parts per billion (ppb) or less.

In concept, the periphyton complex is hypothesized as being capable of extraction of
available phosphorus in the water introduced into the system, and, incorporation of that
phosphorus into biomass of the periphyton mat. Additionally, because of the high primary
productivity of these periphyton systems, water quality conditions favor phosphorus
precipitation and binding into the newly formed sediments. The result is a water outflow
with much of the available phosphorus scavenged and retained in the system. These
concepts are depicted in Exhibit ES-1.

EXHIBIT 1-1
Schematic Diagram of the Periphyton Stormwater Treatment Area (PSTA) Concept

Substrate
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Prior to initiation of the District’s PSTA project in July 1998, detailed research to evaluate
PSTA feasibility had not been performed. The overall objectives of the study were to
determine:

•  If PSTA systems could be constructed (viability),
•  If such constructed wetlands could achieve the level of phosphorus reduction desired

(effectiveness) and if so,
•  Whether the treatment performance could be sustained for long time periods allowing

cost-effective integration of PSTAs with other treatment technologies (sustainability).

A two-phased approach was adopted to address the stated objectives of the PSTA concept
evaluation: an Experimental Phase (Phase 1), and a Validation/Optimization Phase
(Phase 2). The two phases, and the types of activities that are included in each, are described
as follows:

•  Phase 1 (Experimental Phase) included development of the work plan and experimental
design, initial research in three experimental test cells (PSTA Test Cells) located at the
southern end of the Everglades Nutrient Removal (ENR) project (see SFWMD 2000 for
location of sites), and construction and startup/monitoring of research using 24 portable
experimental mesocosms (Porta-PSTAs). The Phase 1 experimental studies have yielded
critical information needed to plan for field-scale mesocosm (Field PSTAs) design and
construction in Phase 2. Development of a forecast model and associated predictive tools
has occurred, along with preliminary model calibration with the Phase 1 experimental
data.

•  Phase 2 (Validation/Optimization Phase) will include continued research in the ENR
PSTA Test Cells and in the Porta-PSTAs, and new studies at the field-scale pilot PSTAs
under construction immediately west of STA 2. During Phase 2, the expanded database
will be used to validate the performance forecast model, and develop design criteria for
a full-scale PSTA system. The forecast model will be applied to provide projections of
the long-term cost of implementing PSTAs to meet ultimate P reduction goals under the
Everglades Forever Act (EFA).

In the aggregate, the PSTA Research and Demonstration Project is designed to develop
defensible conclusions related to specific hypotheses that are relevant to key research
questions and design issues described in the PSTA Research Plan (CH2M HILL, 1999). This
report provides a summary of the Phase 1 findings.

1.2 Research Hypotheses
The PSTA research program was to address the following three critical issues:

•  Viability refers to establishment and maintenance of the desired periphyton-dominated
ecological community. Although the location of periphyton-dominated ecosystems in
the Everglades is known, there is a need to refine the basic understanding of how to
create this ecosystem, how long it takes to establish mature periphyton communities,
and how to maintain these systems against shifting dominance by macrophytes
(floating, submerged, or emergent) and phytoplankton (free-floating algae).
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•  Effectiveness refers to the ability of a PSTA to consistently and predictably remove P.
Net P removal is dependent upon sustainable gross P removal rates, chemical and
biological transformations of the P into non-reactive forms, and ultimate burial of P in
newly accreted sediments or biomass. A number of design considerations are likely to
determine the effectiveness of a full-scale PSTA. These include factors such as flow
velocity, water depth, presence/absence of macrophytes at low densities, and the nature
of underlying antecedent soils.

•  Sustainability refers to the long-term maintenance and operational cost of a periphyton-
dominated treatment system. Will these systems require frequent or rare intervention
for removal of accreted P? Will they restart and operate smoothly after a dry-down or
flood event? Will they create water quality problems downstream in receiving waters
from release of chronically or acutely toxic environmental pollutants, such as methyl-
mercury?

The following research hypotheses—detailed in the PSTA Research Plan—are related to the
three critical issues described above, and were tested by one or more of the research
components:

•  Hypothesis #1: PSTAs can be colonized and operational in less than 1 year following
basin construction (viability).

•  Hypothesis #2: The presence of low-density stands of emergent macrophytes and
submerged aquatics will increase the PSTA sustainable TP settling rate (viability and
effectiveness).

•  Hypothesis #3: Substrate type significantly affects PSTA sustainable TP settling rate
(effectiveness).

•  Hypothesis #4: The sustainable TP settling rate for PSTAs is >35 meters per year (m/y)
(effectiveness).

•  Hypothesis #5: PSTA annual average TP export concentration can be sustained below
10 micrograms per liter (µg/L) (effectiveness).

•  Hypothesis #6: PSTA maximum monthly average export TP can be sustained at less
than two times annual average TP export (effectiveness).

•  Hypothesis #7: PSTA TP export concentration is highly correlated with hydraulic
loading rate (HLR) for a given TP inflow concentration (effectiveness).

•  Hypothesis #8: PSTA sediment and macrophyte biomass accretion rates will dictate
major operation and maintenance (O&M) requirements in less than 10 years
(sustainability).

•  Hypothesis #9: Flow velocity exhibits a subsidy-stress effect on PSTA sustainable TP
settling rate (effectiveness).
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•  Hypothesis #10: Water depth in the range between 30 and 60 centimeters (cm) does not
significantly affect PSTA sustainable TP settling rate (viability and effectiveness).

•  Hypothesis #11: Outflow water from full-scale PSTAs will not be chronically toxic to
indigenous Everglades flora or fauna and will not include unacceptably high
concentrations of methylated mercury (sustainability).

The Phase 1 research has provided preliminary evidence for acceptance or rejection of the
11 hypotheses. This information is summarized in Sections 2 through 4. Phase 2 plans are
described in Section 5. Detailed data supporting the conclusions in this report are included
in the appendices.

1.3 Summary of Phase 1 Experimental Design and Treatments
This section provides some key information related to the experimental mesocosms used in
Phase 1. Exhibit 1-2 provides a summary of the design criteria and treatments used for the
PSTA Research and Demonstration Project. A more detailed description of the two meso-
cosms scales is provided in the following paragraphs.

EXHIBIT 1-2
PSTA Phase 1 Design Criteria and Experimental Treatments

Treatment Cells
Area
(m2)

Soil
Type

Water Depth
(cm)

HLR
(cm/d)

Depth:Width
Ratio

Other
Considerations

PP-1 9, 11, 18 6 peat 60 6 0.6 macrophytes
PP-2 4, 7, 8 6 shellrock 60 6 0.6 macrophytes
PP-3 12, 14, 17 6 peat 30 6 0.3 macrophytes
PP-4 3, 5, 10 6 shellrock 30 6 0.3 macrophytes
PP-5 2, 13, 16 6 shellrock 60 12 0.6 macrophytes
PP-6 1, 6, 15 6 shellrock 0-60 0-12 0-0.6 macrophytes
PP-7 19 6 sand 30 6 0.3 macrophytes
PP-8 20 6 sand 60 6 0.6 macrophytes
PP-9 21 6 peat 60 6 0.6 Aquashade; no

macrophytes
PP-10 22 6 shellrock 60 6 0.6 Aquashade; no

macrophytes
PP-11 23 18 shellrock 30 6 0.1 macrophytes
PP-12 24 18 peat 30 6 0.1 macrophytes
STC-1 13 2,240 peat 60 6 0.0214 macrophytes
STC-2 8 2,240 shellrock 60 6 0.0214 macrophytes
STC-3 3 2,240 shellrock 0-60 0-12 0-0.0214 macrophytes

Note: Porta-PSTA operational period runs from May 1999 through the end of Phase 1; PSTA Test Cell operational
period runs from April 1999 through the end of Phase 1.
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1.3.1 South ENR Test Cells
The District assigned three South ENR Test Cells (STCs) to the PSTA Research Project.
During final construction, substrate within these PSTA Test Cells was modified by the
District by placing the following layers of substrate over the cell liner:

•  Test Cell 13–2.5 feet (ft) of sand surcharge plus 1.0 ft of shellrock (locally mined) plus
1.0 ft of peat (taken from area of STA 1W, Cell 5 – unflooded, former agriculturally
worked lands)

•  Test Cell 8–3.5 ft of sand surcharge plus 1.0 ft of shellrock (locally mined)

•  Test Cell 3–3.5 ft of sand surcharge plus 1.0 ft of shellrock (locally mined)

Exhibit 1-3 provides a plan view of a typical PSTA Test Cell showing sampling locations
and walkways. Exhibit B-1 in Appendix B summarizes the three Phase 1 treatments tested in
the PSTA Test Cells. Exhibit 1-4 provides a summary of detailed design criteria for the PSTA
Test Cells.

1.3.2 Porta-PSTA Mesocosms
Twenty-four Porta-PSTA mesocosm units were constructed offsite of fiberglass and
delivered to the South ENR Supplemented Technologies Research Compound (STRC).
Twenty-two of the fiberglass tanks are 6 meters long by 1 meter wide by 1 meter deep. The
remaining two tanks are 3 meters wide to allow assessment of mesocosm configuration
effects.

Exhibit 1-5 provides a plan view of the Porta-PSTA experimental setup showing the layout
of typical 1- and 3-meter-wide mesocosms in relation to the constant-head tank and inlet
manifolds. Exhibit C-1 in Appendix C summarizes the treatments tested in the Phase 1
Porta-PSTA mesocosms. Detailed design and operational criteria for the Porta-PSTAs are
summarized in Exhibit 1-6.

1.4 Summary of the Phase 1 Research Timeline and External
Driving Forces
PSTA operational monitoring activities began with startup of the PSTA Test Cells on
February 15, 1999. The Porta-PSTAs began operation on April 17, 1999. Operations of the
PSTA Test Cells and Porta-PSTAs generally followed the guidelines summarized in
Exhibits 1-4 and 1-6. Actual operating inflows and water depths are detailed in the
appendices. A detailed timeline of key operational dates is included in Appendix H-2.
External environmental forcing functions that have affected the growth and performance of
the PSTA mesocosms at both scales include:

•  Sunlight (measured as total insolation and photosynthetically active radiation [PAR])
•  Rain inputs
•  Evapotranspiration (ET) outputs
•  Inflow P concentrations
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The general history of each of these forcing functions is presented in Exhibits 1-7 through
1-9.

Exhibit 1-7 illustrates the total insolation and PAR received at the project site during the
1-year Phase 1 period. Total insolation averaged 17.95 megajoules per square meter per day
(MJ/m2/d) for the period and PAR averaged 32.0 Einsteins (E) per m2/d. Sunlight inputs
are clearly seasonal based on the latitude and the presence of cloud cover. During this
operational period, maximum solar energy inputs occurred in July 1999 and minimum
inputs were recorded in January 2000.

Exhibit 1-8 illustrates the measured rainfall and estimated ET and their net difference at the
ENR site. The total rainfall for the period of record was 147 cm (57.89 inches) while
estimated ET during the same period totaled 149 cm (58.8 inches). There was a slight net
positive water input from atmospheric sources to the PSTA mesocosms estimated during
this Phase 1 research period.

Exhibit 1-9 summarizes the measured concentrations of TP, total dissolved phosphorus
(TDP), and dissolved reactive phosphorus (DRP) in the inflows to the PSTA Test Cells and
to the Porta-PSTA mesocosms during the Phase 1 period-of-record. These P inputs were
variable and not consistently higher or lower at either site. The long-term average TP inflow
concentration was 23 µg/L at the PSTA Test Cells and the Porta-PSTAs during Phase 1.
Considerable variation of inflow TP was observed at both sites with markedly different
seasonal patterns at the two research locations.
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EXHIBIT 1-7
Solar Energy Inputs to the PSTA Mesocosms During Phase 1
Sunlight is the dominant external energy source necessary for the operation of periphyton-dominated treatment systems.
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EXHIBIT 1-8
Rainfall and Evapotranspiration at the PSTA Mesocosms During Phase 1
Rain and ET are the dominant uncontrolled components of the water balance in PSTA mesocosms.
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EXHIBIT 1-9
Input Concentrations of TP, TDP, TPP, DOP, and DRP in Source Water at the Two Phase 1 PSTA Mesocosm Sites
Inflow P concentration and forms greatly influence performance of the PSTA mesocosms.
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SECTION 2

Community Development and Viability

2.1 Introduction
Development of a PSTA technology is dependent on being able to create and maintain a
periphyton-dominated ecosystem that has at least some of the characteristics of a typical
Everglades periphyton assemblage. PSTAs must have the following general characteristics
to be considered to be viable:

•  They must have periphyton biomass levels that approximate the biomass of natural
periphyton assemblages

•  They must have gross and net primary productivity that approximates the productivity
of natural periphyton assemblages

•  They must have the algal species dominance and diversity necessary to support the
chemical and biological processes of natural periphyton assemblages that have the
ability to capture and sequester P in stable forms

•  They must be able to recover from dry-down periods relatively quickly and reestablish
optimal productivity rates and P sequestration

•  They must be resistant to wash-out and wind transport under varying climatic regimes

•  They must be relatively immune to biological upsets caused by population explosions of
consumers

Phase 1 research has provided information that partially answers several of these questions
related to PSTA viability. This section reports specific findings related to periphyton
ecology, macrophyte growth in the PSTA mesocosms, and overall ecological processes in
these systems.

2.2 Periphyton Ecology
2.2.1 Background
The periphyton (also referred to as aufwuchs and including benthic algae) are a complex
assemblage of attached-growth algae, fungi, bacteria, and invertebrates that grow in
response to sunlight in shallow aquatic environments (Vymazal, 1995). Everglades
periphyton can be operationally sub-divided into the following groups (McCormick et al.,
1998): floating mats, epiphyton (growing on plant surfaces), metaphyton (growing in the
water column and not attached to surfaces), and epipelon or benthic (growing in contact
with the sediments). Tychoplankton are free-floating algae derived from the periphyton.
These tychoplanktonic algae as well as some filamentous metaphyton forms are most likely
to be exported in outflows from the PSTA to downstream waters.
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 Periphyton generally initially colonize surfaces of submerged macrophytes and other
natural debris, such as woody vegetation, organic and mineral soils, rocks, and plant litter.
After different periods of growth, some of the periphyton may float or drift from their initial
attachment sites and become free-living masses (metaphyton) and floating mats.

 A typical adapted periphyton community is as complex as any other ecosystem and
includes a high diversity of primary producers, various levels of grazers and consumers,
and a detrital food web (Lowe, 1996; Bott, 1996). As with other ecosystems, the periphyton
can be studied as an assemblage of mutually-dependent organisms (population approach)
and/or based on overall ecological form and function (systems-level or “green-box”
approach). Studies focused solely on the algal component of the periphyton are too narrow
to assess the function of the entire ecosystem of producers and consumers. Population
studies are time-consuming and costly, and may not be able alone to provide answers to the
questions most relevant to PSTA design. The PSTA Research and Demonstration Project
utilized an experimental and engineering approach that includes measurements of both
population and system-level properties of the periphyton.

2.2.2 Periphyton Sampling Methods
 Periphyton species dominance and succession has been documented through regular algal
species identification, cell counts, and cell volume estimates throughout the Phase 1 project
period. These cell counts encompass algal population conditions during typical successional
periods and during a range of seasonal conditions. Identification, cell counts, and algal
biovolume estimates were made using mixed periphyton samples collected by coring the
entire mesocosm water column. Periphyton populations were not studied on artificial
substrates, such as glass slides, because these devices commonly underestimate natural
periphyton biomass and diversity (Swift, 1981). However, mesocosm walls have been
periodically sampled to quantify the effect of this excess surface area on overall mesocosm
ecological function. System-level measurements of periphyton community structure also
include routine sampling for chlorophyll a, b, and c, pheophytin, dry weight biomass, and
ash-free dry weight (afdw).

 Sloughing and downstream export of periphyton were measured by filtration of water
exiting experimental PSTAs. Grab samples were filtered on a routine basis (monthly) to
measure particulate matter and particulate P export. One diel study was conducted to
provide samples for export dry weight, ash-free dry weight, species composition, cell
numbers, and cell volume.

2.2.3 Algal Taxonomic Composition
A total of 361 different algal taxa were identified in PSTA periphyton samples collected
during Phase 1. Appendices B and C provide detailed lists of the algal cell counts during
Phase 1. Exhibit 2-1 provides a summary of the occurrence of these species by taxonomic
phylum and by their occurrence at the two mesocosm scales and on shellrock and organic
soils. Exhibit 2-2 provides a summary of the algal species that most frequently comprised
more than 10 percent of the cell counts or biovolume estimates in any sample during the
Phase 1 period. A total of 69 algal species comprised more than 10 percent of either the cell
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EXHIBIT 2-1
Algal Species Diversity in PSTA Mesocosms During Phase 1
Principal algal groups on all substrates were blue-greens and diatoms.

No. Species Observed
Test Cells Porta-PSTAs

Phylum Shellrock Peat Total Shellrock Peat Sand Total
Combined

Total

Cyanobacteria
(blue-greens)

59 46 66 91 76 57 101 103

Chlorophyta
(greens)

55 44 66 75 60 37 89 108

Bacillariophyceae
(diatoms)

74 60 85 82 97 46 115 133

Chrysomonodales
(dinobroyon)

0 0 0 2 0 0 2 2

Xanthophyceae
(yellow greens)

2 0 2 0 0 0 0 2

Euglenophyta
(euglenoids)

3 1 3 2 2 0 2 3

Cryptophyta
(cryptomonads)

5 4 5 5 2 1 5 5

Pyrrhophyta
(dinoflagellates)

4 4 3 1 1 3 5

Total No. Spp. 202 155 231 260 238 142 317 361

density or biovolume in one or more samples. Exhibit 2-3 provides graphical summaries of
the monthly biovolumes of the 10 most dominant algal species in 60-cm-deep peat- and
shellrock-based treatments. The data in these exhibits indicate that the PSTA mesocosms are
dominated by blue-green and diatom algal species, with a significant component of green
algal species. Filamentous green algae are often observed to dominate the areas nearest the
inflow of the mesocosms and appear to be adapted to take advantage of the higher DRP
concentrations typically present in these upstream areas. Other algal groups are poorly
represented in these samples. Dominant species are very similar between the different
substrate types. The dominant algal species listed in Exhibits 2-2 and 2-3 are among the
periphyton dominants typical of Everglades ecosystems (Browder et al., 1994).

2.2.4 Periphyton Biomass and Chlorophyll Content
Periphyton core samples were also analyzed for their dry and ash-free dry weight biomass,
chlorophyll a, b, and c, and pheophytin. In addition to these indicators of total algal or
biological mass per area, the cell biovolumes estimated for these samples provide a useful
indicator of algal dominance.
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Principal algal groups on all substrates were blue-greens and diatoms.

Cell Counts Biovolumes
TAXON PHYLUM Cell Counts Biovolumes (# cells/m2)*106 (cm3/m2)
MASTOGLOIA SMITHII Bacillariophyceae 26.3% 861 2.994
LYNGBYA LIMNETICA Cyanobacteria 15.9% 5.2% 65617 1.640
OSCILLATORIA ANGUSTISSIMA Cyanobacteria 14.8% 19043 0.038
OSCILLATORIA LIMNETICA Cyanobacteria 13.7% 46492 0.325
RHOPALODIA GIBBA Bacillariophyceae 10.4% 87 2.197
SCYTONEMA SP? Cyanobacteria 1.1% 7.8% 6650 9.211
LYNGBYA LAGERHEIMII Cyanobacteria 7.4% 14333 0.086
MASTOGLOIA SMITHII V LACUSTRIS Bacillariophyceae 7.4% 765 1.229
CYLINDROSPERMUM SP Cyanobacteria 5.9% 0.7% 7355 0.299
APHANOTHECE STAGNINA Cyanobacteria 4.4% 0.7% 12988 0.312
OEDOGONIUM PUNCTATOSTRIATUM Chlorophyta 0.4% 4.4% 237 1.905
OSCILLATORIA FORMOSA Cyanobacteria 3.3% 1.5% 8893 0.703
APHANOCAPSA DELICATISSIMA Cyanobacteria 4.1% 7787 0.008
MASTOGLOIA LANCEOLATA Bacillariophyceae 3.7% 154 1.036
JOHANNESBAPTISTIA PELLUCIDA Cyanobacteria 2.6% 0.7% 2922 0.164
APHANOTHECE SMITHII Cyanobacteria 3.0% 7466 0.044
AMPHORA LINEOLATA? Bacillariophyceae 2.6% 111 0.606
LYNGBYA SP (SMALL) Cyanobacteria 2.6% 11604 0.058
NITZSCHIA SEMIROBUSTA Bacillariophyceae 2.6% 382 0.225
OSCILLATORIA PRINCEPS Cyanobacteria 2.6% 860 5.401
SCHIZOTHRIX ARENARIA? Cyanobacteria 2.6% 29670 0.386
EUGLENA SP Cyanobacteria0 2.2% 53 0.685
OEDOGONIUM SP Chlorophyta 0.4% 1.9% 344 0.691
CHROOCOCCUS MINIMUS Cyanobacteria 1.9% 4229 0.017
GYROSIGMA OBSCURUM? Bacillariophyceae 1.9% 27 0.235
MICROCYSTIS FIRMA Cyanobacteria 1.9% 3072 0.025
NITZSCHIA SERPENTIRAPHE Bacillariophyceae 1.9% 112 1.041
OSCILLATORIA SP (SMALL) Cyanobacteria 1.9% 6304 0.031
OSCILLATORIA LIMNETICA? Cyanobacteria 1.5% 7586 0.053
OSCILLATORIA LIMOSA Cyanobacteria 1.5% 2507 0.998
PINNULARIA VIRIDIS Bacillariophyceae 1.5% 13 1.107
SPIROGYRA SP Chlorophyta 1.5% 24 2.180
UNID FILAMENTOUS CHLOROPHYTA Chlorophyta 1.5% 725 0.582
GOMPHOSPHAERIA APONINA Cyanobacteria 1.1% 1581 0.044
OSCILLATORIA AMPHIBIA Cyanobacteria 0.7% 0.4% 5347 0.342
PINNULARIA RUTTNERI Bacillariophyceae 1.1% 27 1.186
RHABDODERMA LINEARE? Cyanobacteria 1.1% 4277 0.192
APHANOCAPSA CONFERTA Cyanobacteria 0.7% 4109 0.016
APHANOTHECE STAGNINA? Cyanobacteria 0.7% 2912 0.070
CHROOCOCCUS DISPERSUS Cyanobacteria 0.7% 3637 0.051
ENCYONEMA EVERGLADIANUM Bacillariophyceae 0.7% 1165 0.219
FRAGILARIA FASCICULATA? Bacillariophyceae 0.7% 75 0.139
LYNGBYA AESTUARII Cyanobacteria 0.4% 0.4% 1044 0.277
LYNGBYA EPIPHYTICA Cyanobacteria 0.7% 9984 0.060
LYNGBYA LIMNETICA? Cyanobacteria 0.7% 5329 0.133
NITZSCHIA SIGMOIDEA Bacillariophyceae 0.7% 7 2.599
PLAGIOTROPIS LEPIDOPTERA Bacillariophyceae 0.7% 8 0.152
SPHAEROCYSTIS SCHROERTERI Chlorophyta 0.7% 2031 0.230
APHANOCAPSA GREVILLEI Cyanobacteria 0.4% 1296 0.084
CHROOCOCCUS SP Cyanobacteria 0.4% 766 0.427
CLOSTERIUM ACEROSUM Chlorophyta 0.4% 0 0.360
CLOSTERIUM LUNULA V MASSARTII Chlorophyta 0.4% 1 0.319
COSCINODISCUS GRANII Bacillariophyceae 0.4% 10 3.444
CYMBELLA ASPERA Bacillariophyceae 0.4% 1 0.052
DIPLONEIS SMITHII Bacillariophyceae 0.4% 16 0.787
FRAGILARIA ULNA Bacillariophyceae 0.4% 25 0.291
GLOEOCAPSA SP Cyanobacteria 0.4% 1999 0.008
GOMPHOSPHAERIA SP Cyanobacteria 0.4% 180 0.012
GYROSIGMA NODIFERUM Bacillariophyceae 0.4% 10 0.051
LEMMERMANNIELLA PALLIDA Cyanobacteria 0.4% 2173 0.013
LYNGBYA AERUGINEO-CARULEA? Cyanobacteria 0.4% 5713 0.674
MERISMOPEDIA GLAUCA Cyanobacteria 0.4% 1268 0.018
MICROCYSTIS AERUGINOSA Cyanobacteria 0.4% 3053 0.104
NITZSCHIA SERIATA Bacillariophyceae 0.4% 26 0.044
OOCYSTIS SOLITARIA Chlorophyta 0.4% 102 0.138
OSCILLATORIA SP Cyanobacteria 0.4% 1137 0.028
SCYTONEMA HOFMANII? Cyanobacteria 0.4% 2047 0.153
STAURASTRUM CYCLACANTHUM V AMERICANUM Chlorophyta 0.4% 5 0.107
SURIRELLA ELEGANS Bacillariophyceae 0.4% 1 0.152

Long-Term Averages

Average Algal Species Diversity in PSTA Mesocosms During Phase 1

Percent of Samples > 10% of Total

DFB/Ex Sct 2c.xls



EXHIBIT 2-3
Monthly Average Biovolumes for Dominant Periphyton Species in Selected PSTA Experimental Treatments During Phase 1
PP-1 and STC-1: 60-cm peat; PP-2 and STC-2: 60-cm shellrock.
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EXHIBIT 2-3
Monthly Average Biovolumes for Dominant Periphyton Species in Selected PSTA Experimental Treatments During Phase 1
PP-1 and STC-1: 60-cm peat; PP-2 and STC-2: 60-cm shellrock
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Exhibit 2-4 illustrates the observed relationship between cell biovolume and corrected
chlorophyll a (corrected for pheophytin degradation products). A relatively strong
relationship was observed (Test Cells r2 = 0.47; Porta-PSTAs r2 = 0.52).

Exhibit 2-5 summarizes the relationship between chlorophyll a and ash-free dry weight
periphyton biomass for shellrock, peat, and sand mesocosms. Significant problems were
encountered with sampling periphyton mass (including benthic periphyton) in peat soil
mesocosms. It was not feasible to exclude some organic soil in the majority of these samples.
For this reason, ash-free dry weights for the peat soil treatments nearly always over-estimate
the actual periphyton biomass. Standard methods (APHA 1998) indicate that chlorophyll a
typically comprises approximately 15 percent of the ash-free dry weight biomass of algae.
However, algal cell volumes and chlorophyll a densities are not an adequate surrogate for
biomass in the PSTA mesocosms because they do not include the contribution of the large,
non-algal component of the periphyton. Observed conversions (Exhibit 2-5) were approxi-
mately 0.01 to 0.06 percent. The Aquashade peat soil control allows estimation of the
amount of extra ash-free dry weight resulting from incorporation of the organic soils. A
gross correction of 903 g/m2 of ash-free dry weight can be subtracted from all of the other
peat soil mesocosm biomass data to attempt to correct for this effect. However, biomass
values from the peat soil mesocosms are not compared to the other soil treatment data
because of this sampling artifact.

Exhibit 2-6 illustrates the relationship between ash-free dry weight and algal biovolume for
the three soil types. Approximate conversion factors for biovolume ranged from 0.02 to
0.14 cm3/g afdw.

Exhibit 2-7 presents the trends for chlorophyll a and algal biovolume in the peat soil PSTA
treatments. Peak chlorophyll a densities were approximately 400 mg/m2 in the Test Cell
treatment in the summer and declined to less than 250 mg/m2 in January 2000. The peat-
based Porta-PSTAs typically had lower chlorophyll a concentrations than the Test Cell
PSTA. Peak biovolumes in the peat-based mesocosms were approximately 50 cubic
centimeters per square meter (cm3/m2) in mid-winter. Chlorophyll a and biovolume were
never elevated in the Porta-PSTA Treatment 12. There was no apparent difference between
the long-term average chlorophyll a and algal biovolume as a function of water depth in the
organic soil Porta-PSTA treatments.

Exhibit 2-8 presents the average periphyton ash-free dry weight biomass, corrected
chlorophyll a, and algal biovolume trends for each of the shellrock soil treatments during
Phase 1. Following initial startup, peak late summer periphyton ash-free dry weight
biomass in these systems was approximately 400 g/m2. These biomass levels declined to a
winter season low of less than 140 g/m2 in January 2000. Peak summer chlorophyll a con-
centrations were approximately 150 to 200 mg/m2, and algal biovolumes peaked at
approximately 45 to 65 cm3/m2. These amounts declined during the fall months and then
increased during the winter with peak winter values of approximately 200 mg/m2 for
chlorophyll a and 60 cm3/m2 for biovolume in January 2000, reflecting a different trend than
indicated by periphyton biomass values. There was little difference between the long-term
average chlorophyll a and algal biovolume as a function of water depth in the shellrock
Porta-PSTAs.



Exhibit 2-4
Observed Relationship Between Algal Cell Biovolume and Chlorophyll a  for all Periphyton Samples collected in the Phase I PSTA Mesocosms
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EXHIBIT 2-5
Observed Correlations Between Algal Chlorophyll a  and Ash-free Dry Weight in PSTA Mesocosm Periphyton Samples for Shellrock, Peat, and Sand 
Substrates
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EXHIBIT 2-6

Shellrock, Peat, and Sand Substrates

 
 

Observed Correlations Between Algal Biovolume and Ash-free Dry Weight in PSTA Mesocosm Periphyton Samples for 
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Exhibit 2-7
Chlorophyll a  and Algal Biovolumes for the Peat-Based PSTA Treatments in Phase I
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EXHIBIT 2-8
Ash-Free Dry Weight Biomass, Chlorophyll a,  and Algal Biovolumes for the Shellrock-Based PSTA Treatments in Phase 1
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Exhibit 2-9 provides the biomass, chlorophyll a, and algal biovolume for the two sand
control tanks and for the two Aquashade tanks. The high ash-free dry weight values for
PP-9 result from incorporation of organic soils in these periphyton samples, as previously
described. There was little difference between the periphyton biomass measured in the sand
controls and in the shellrock Aquashade control. However, chlorophyll a and algal bio-
volume were generally much higher in the sand controls than in the Aquashade controls.
These data indicate that the Aquashade treatment was not completely effective for
eliminating algal growth in treatments PP-9 and PP-10.

The two sand tank algal populations were quite different, possibly because of different snail
population densities. Periphyton biomass appeared to peak in September 1999 at approxi-
mately 400 to 600 g/m2, while chlorophyll a peaked at approximately 350 to 400 mg/m2 in
mid-summer and early fall. Algal biovolume in the sand controls peaked at approximately
120 cm3/m2 in November 1999. Minimum values for chlorophyll a and algal biovolume
typically occurred in December 1999 or January 2000, with a minimum average ash-free dry
weight biomass of less than 50 g/m2, chlorophyll a of 25 mg/m2, and biovolume of
6 cm3/m2. Chlorophyll a and biovolumes in the Aquashade control tanks remained
relatively low but variable throughout the period of this research.

A limited number of periphyton samples were collected from the Porta-PSTA walls during
Phase 1. Visual differences were apparent between mesocosms with and without high snail
densities, with different water depths, and with different emergent macrophyte densities.
The overall average ash-free dry weight biomass of wall periphyton was approximately
36 g/m2 of wall. Biomass values were typically greater than 50 g/m2 in the shellrock
treatments, the sand treatments, and the Aquashade controls. Lower wall periphyton
biomass numbers were obtained from Tank 1 (high snail density), Tank 15 (variable water
depth), and Tank 14 (high macrophyte density). This observed wall periphyton biomass had
a high algal component with an average chlorophyll a of approximately 56 mg/m2, an algal
biovolume of 125 cm3/m2, and cell count of approximately 79 billion cells/m2.

In addition to the quantitative periphyton biomass and cell count samples, semi-
quantitative estimates of percent algal mat cover were made throughout Phase 1. These
estimates were only for floating algal mats and do not include submerged metaphyton or
benthic algal mats. Therefore, these algal mat percent cover estimates are only an indicator
of the prevalence of floating periphyton in these systems. Floating mats were visually
recorded by blue-green and green algal dominance.

Exhibit 2-10 illustrates the differences between the algal mat percent cover estimates for the
two 60-cm water depth test cells. The only treatment difference between these cells was the
soil type (shellrock or peat). These data closely track the periphyton biomass, chlorophyll a,
and cell count data described previously. Estimated algal mat cover was greater in PSTA
STC-1 (peat-based) than in STC-2 (shellrock) throughout the operational period. These algal
cover estimates tended to peak in the late fall and then rise again during late winter and
early spring.

2.2.5 Periphyton Chemical Composition
Concentrations of calcium, phosphorus, and nitrogen were routinely measured in the
periphyton samples. Exhibit 2-11 presents time-series plots of the concentrations of these



EXHIBIT 2-9
Ash-Free Dry Weight Biomass, Chlorophyll a, and Algal Biovolumes for the Sand-Based and Aquashade Control PSTA Treatments 
in Phase 1
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elements in the periphyton core samples from selected treatments during the Phase 1 PSTA
research period.

Calcium is relatively abundant in the EAA runoff with average inflow concentrations
during Phase 1 of 62 milligrams per liter (mg/L) at the South ENR Test Cells and 58 mg/L
at the Porta-PSTA mesocosm site. Calcium is considered to be important in phosphorus
dynamics because of its potential for co-precipitation with P as a result of periphyton
metabolism (Browder et al., 1994). Calcium concentrations were generally slightly greater in
periphyton in shellrock treatments than in organic soil and sand treatments. The average
calcium content on a dry weight basis was approximately 17 percent in STC-2 (shellrock)
and varied between 15 and 28 percent in the shellrock-based Porta-PSTAs. Calcium com-
prised approximately 14 percent of the periphyton in STC-1 (peat) and from 8 to 12 percent
of the dry weight in the peat-based Porta-PSTAs. Calcium content in the sand-based Porta-
PSTAs was typically less than the shellrock mesocosms and averaged approximately 11
percent. These relatively slight differences between mesocosms with differing substrates
may be partially the result of incorporation of some small amounts of shellrock into
periphyton samples.

Total P averaged between 214 and 1,433 milligrams per kilogram (mg/kg) in the periphyton
collected in the various treatments. Overall, average TP concentrations were approximately
482 and 409 mg/kg for the Test Cells and Porta-PSTAs, respectively. TP content of the
periphyton in the shellrock-based mesocosms tended to be greater than in the peat- and
sand-based mesocosms. Shellrock mesocosm averages ranged from 319 to 1,433 mg/kg,
peat-based mesocosm averages ranged from 265 to 409 mg/kg, and averages from the two
sand-based mesocosms ranged from 214 to 308 mg/kg for the Test Cells and Porta-PSTAs,
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Time-series Algal Mat Percent Cover Estimates for PSTA Test Cell Treatments 1 (Peat) and 2 (Shellrock)
Both treatments were operated at 60-cm average water depth.



EXHIBIT 2-11

(STC-1 and PP-1: 60cm Peat; STC-2 and PP-2: 60cm Shellrock; PP-8: 60cm Sand)
Trends for Calcium, TP, TIP, and TKN in Periphyton Samples from Phase 1 PSTA Mesocosms.
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respectively. These low TP concentrations in the periphyton in the PSTA mesocosms are
typical of concentrations found in Everglades periphyton that occur in low-phosphorus
content waters (McCormick and O’Dell, 1996; Havens et al., 1996).

Total inorganic phosphorus (TIP) (assumed to be primarily calcium bound) typically
comprised from 20 to 40 percent of the TP in the periphyton from the shellrock- and peat-
based mesocosms. The peat-based systems were slightly less, with averages of approxi-
mately 22 to 29 percent while the shellrock systems averaged between 28 and 55 percent
TIP. TIP comprises much less of a percentage of the TP in the sand-based mesocosms, with
an average of approximately 9 percent.

Highest total Kjeldahl nitrogen (TKN) concentrations were typically, but not always,
observed in the peat-based mesocosms. Average TKN content in the periphyton from the
peat-based mesocosms ranged from 3,804 mg/kg in STC-1 to 11,058 mg/kg in PP-9, the
peat-based Aquashade control. TKN in the shellrock-based treatments ranged from 814 to
6,619 mg/kg, with the greatest average concentration recorded in Test Cell 8. TKN in the
sand controls was somewhat less, with Phase 1 averages between 1,194 and 2,584 mg/kg.
These averages are all quite low for algae (typically greater than 1 to 3 percent or 10,000 to
30,000 mg/kg [Vymazal, 1995]) and provide an indication that a general lack of nitrogen
availability may be contributing to low algal growth rates in these mesocosms.

2.2.6 Algal and Suspended Solids Export
Algal export can be estimated from measurements of total suspended solids (TSS) in the
outflow from the PSTA mesocosms. Exhibit 2-12 summarizes the treatment means for
inflow and outflow TSS during the operational period. Long-term average outflow TSS
concentrations were typically in the range of 2.4 to 6.3 mg/L. In nearly every case, outflow
TSS concentrations were greater than inflow levels. Based on the results of the diel sampling
study conducted in selected Porta-PSTAs on October 5 and 6, 1999 (CH2M HILL, 2000), it
was observed that there is a significant living algal cell component in these exported solids.
Based on that one diel study, there was no clear pattern of algal export as a function of the
day-night cycle.

EXHIBIT 2-12
Average Inflow and Outflow TSS Concentrations in the PSTA Mesocosms During Phase 1

Total Suspended Solids (mg/L)

Treatment Soil Type In Out Net Change

PP-1 Peat 2.0 3.7 -1.7
PP-2 Shellrock 2.1 4.5 -2.4
PP-3 Peat 1.7 2.8 -1.1
PP-4 Shellrock 1.9 4.1 -2.2
PP-5 Shellrock 2.0 3.2 -1.2
PP-6 Shellrock 1.9 3.6 -1.6
PP-7 Sand 2.4 2.4 0.0
PP-8 Sand 2.0 3.8 -1.8
PP-9 Peat 1.7 4.1 -2.4
PP-10 Shellrock 3.0 5.1 -2.1
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EXHIBIT 2-12
Average Inflow and Outflow TSS Concentrations in the PSTA Mesocosms During Phase 1

Total Suspended Solids (mg/L)

Treatment Soil Type In Out Net Change

PP-11 Shellrock 1.9 4.7 -2.8
PP-12 Peat 2.1 4.8 -2.7
TC-1 Peat 3.0 2.7 0.3
TC-2 Shellrock 3.0 4.0 -1.0
TC-3 Shellrock 2.9 6.3 -3.5

2.3 Periphyton/Macrophyte Interactions
In natural Everglades ecosystems, and in other aquatic environments, periphyton and
wetland macrophytes are intimately connected. Periphyton typically grow on the surfaces of
macrophytes, providing increased attachment resources in otherwise two-dimensional
environments (Browder et al., 1994; Duke, 1995; Vymazal and Richardson, 1995; McCormick
et al., 1998). Macrophytes are also known to release cell fluids or exudates that contain
nutrients that stimulate periphyton growth (Wetzel, 1983; Burkholder, 1996). In many
macrophyte-dominated wetland and aquatic environments, periphyton are known to
contribute a significant portion of the total primary productivity. This contribution to the
autotrophic food chain is especially important in Everglades slough ecosystems (Browder et
al., 1994).

It is hypothesized that sparsely vegetated macrophyte beds support significantly higher
periphyton productivity on an areal basis compared to open water because of increased
surface area for colonization. At greater macrophyte densities, light attenuation from
shading results in reduced periphyton productivity (Grimshaw et al., 1997; McCormick et
al., 1998). Determination of the optimal macrophyte density will be important for
maximizing PSTA removal of phosphorus. The importance of this relationship for the
periphyton-dominated ecosystems of the Everglades is highly relevant to the PSTA concept
and has not yet been fully documented.

 The PSTA research could not accommodate enough treatments to fully evaluate these
interactions. Aquashade controls did not have macrophytes. All other treatments were
planted with sparse populations of spikerush (Eleocharis cellulosa) and bladderwort
(Utricularia spp.). Other macrophytes were observed to colonize the mesocosms with
different responses at the Test Cells compared to the Porta-PSTAs and between differing soil
treatments and water depths. Principal volunteer macrophytic plant species in the PSTA
Test Cells were cattails (Typha latifolia), hydrilla (Hydrilla verticillata), and the macro-algae
chara (Chara spp.). Because of stochastic effects, macrophyte densities tended to be variable
even between replicated Porta-PSTAs. Because of this diverse colonization of the PSTA test
systems by macrophytic plants, considerable insight is provided by an examination of the
data from Phase 1.
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 Macrophyte biomass was only estimated when macrophyte stems were encountered in the
periphyton core samples and at the end of Phase 1 in selected treatments. Detailed macro-
phyte biomass data are included in Appendix C, and average treatment values are sum-
marized in Exhibit 2-13. Average aboveground (live and dead) macrophyte biomass
(principally spikerush) in the peat-based Porta-PSTA treatments ranged from 75 to 214 g dry
weight/m2. Average macrophyte biomass in the shellrock-based Porta-PSTA treatments
ranged from 13 to 89 g/m2. Very few macrophytes survived in one of the sand controls
(PP-7), and macrophyte biomass in the other sand control (PP-8) was also quite low (approx-
imately 3 g/m2). Macrophyte biomass in the peat-based Test Cell was considerably higher
than in the Porta-PSTAs with an average of approximately 582 g/m2. This higher value is
indicative of the cattail and hydrilla macrophyte community compared to the spikerush/
chara community in the Porta-PSTAs. The shellrock Test Cells had average macrophyte
biomass values between 55 and 61 g/m2.

EXHIBIT 2-13
Average Macrophyte Biomass in the PSTA Mesocosms During Phase 1

Treatment Soil Type Biomass (g dw/m2)

PP-1 Peat 75.1

PP-2 Shellrock 19.4

PP-3 Peat 214.8

PP-4 Shellrock 21.5

PP-5 Shellrock 26.0

PP-6 Shellrock 13.7

PP-7 Sand 0.0

PP-8 Sand 3.4

PP-9 Peat 0.0

PP-10 Shellrock 0.0

PP-11 Shellrock 88.5

PP-12 Peat 176.2

STC-1 Peat 582.1

STC-2 Shellrock 60.9

STC-3 Shellrock 55.4

 Exhibit 2-14 illustrates the emergent and submerged macrophyte percent cover estimates for
STC-1 and STC-2 during Phase 1. Macrophyte cover in the shellrock-based Test Cell was
dominated by spikerush and chara. Steady-state emergent macrophyte cover in this cell was
approximately 20 percent, a level that is fully compatible with high periphyton biomass.
Cover of submerged aquatics in STC-2 was very seasonal with a maximum cover of approx-
imately 90 percent estimated in November 1999 and rapid decline in cover through spring.
Macrophyte cover in STC-1, the peat-based Test Cell, was dominated by cattails and



EXHIBIT 2-14
Percent Macrophyte Plant Cover Estimates for the PSTA Test Cells with a Consistent Water Depth of 60cm.
Volunteer macrophyte colonization dominated the plant communites in the peat-based Test Cells.
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hydrilla, with spikerush and chara also well represented. The cover of emergents and
submerged aquatics in STC-1 did not change appreciably with season following initial
grow-in. A key finding from Phase 1 is that the former agricultural soils in the peat-based
mesocosms were extremely susceptible to rapid colonization by cattails from the seed bank,
even under 2 feet of water, and from the spread of submerged aquatic plants introduced
from the feed water from the ENR.

 Live macrophyte stems emerging through the water surface were recorded in the Porta-
PSTA mesocosms during Phase 1. These counts provide an estimate of emergent macro-
phyte density and the annual progression of growth and senescence. Cattail seedlings were
generally removed from the Porta-PSTAs on a routine basis so these counts mostly reflect
growth of spikerush. Exhibit 2-15 illustrates these stem counts by treatment. Live stem
counts were consistently higher in the peat-based mesocosms (peak values from 450 to 550
stems/m2) than in the sand (10 to 14 stems/m2) or shellrock-based (60 to 135 stems/m2)
treatments. The number of live stems typically peaked in late winter and declined through
the end of Phase 1 prior to new spring growth.

 Visible differences occurred between replicates in several of the Porta-PSTA treatments in
terms of macrophyte growth (Exhibit 2-16). These differences appeared to be the result of
survival of the initial clumps of spikerush (1 clump of 2 to 3 plants per m2) planted in each
of the mesocosms. These survival rates appear to be stochastic and not a direct effect of any
of the treatments, although it was noted that the young transplants appeared to survive
better in the shallower treatments and on peat soils.

2.4 Faunal Populations
There has been no consistent measurement of the faunal components of the PSTA
mesocosms during Phase 1. However, many invertebrates and a few vertebrate animal
species have been observed in the mesocosms. Perhaps the most visible and interesting
consumers have been two species of snails that attained significant population densities in a
limited number of the Porta-PSTAs. In order of relative dominance, the two snail species are
Helisoma spp. and Physa spp. Snail counts were conducted on four dates during Phase 1 to
quantify the snail population. Exhibit 2-17 summarizes the results of these counts. All
amounts in Exhibit 2-17 are thought to represent low estimates because of the difficulty of
seeing all of the snails. Counts from March 2000 represent the populations of snails
harvested from the mesocosms at the end of Phase 1. The highest average snail densities
were measured in Porta-PSTA treatments PP-6 (Tanks 1 and 6) PP-5 (Tank 13), PP-3 (Tank
17), PP-8 (Tank 20), PP-11 (Tank 23), and PP-12 (Tank 24). Greatest average densities were
more than 90 snails/m2 of bottom area. Average snail weights were determined for the
March 2000 samples. The average snail weight was 0.29 g dry weight per snail. Based on this
conversion, the highest snail biomass values averaged approximately 27 g/m2 in PP-8
(60-cm sand) and more than 6 to 15 g/m2 in the other tanks with high snail densities.

These high snail densities were observed to dramatically modify the periphyton macro-
scopic structure. Wall and benthic periphyton mats were nearly eliminated in the tanks with
high snail counts. Coherent periphyton mats were replaced by a flocculent collection of snail
castings. The effects of this high snail productivity on P removal are discussed in Section 3.



EXHIBIT 2-15
Macrophyte Live Stem Counts for the Porta-PSTA Mesocosm Phase 1 Treatments  
These counts are principally composed of spikerush.
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EXHIBIT 2-16
Comparison of Spikerush Live Stem Densities Between Replicates in Selected Treatments
Plant survival and growth was variable between replicate tanks.
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EXHIBIT 2-17
Porta-PSTA Snail Counts During Phase 1

10/09/1999 11/29/1999 12/13/1999 03/21/2000

9 H 8 13 11 17 5 10 NS 0 8.0 10.0 1.67
P 5 6 5 NS 5.3

11 H 6 8 3 4 0 7 NS 0 3.0 4.8 0.79
P 2 1 7 NS 3.3

18 H 54 55 11 13 5 7 NS 0 23.3 18.8 3.13
P 1 2 2 NS 1.7

4 H 24 26 18 18 13 15 NS 0 18.3 14.8 2.46
P 2 0 2 NS 1.3

7 H 4 4 1 1 0 0 NS 0 1.7 1.3 0.21
P 0 0 0 NS 0.0

8 H 20 32 22 22 2 2 NS 0 14.7 14.0 2.33
P 12 0 0 NS 4.0

12 H 28 30 3 4 8 8 22 26 15.3 17.0 2.83
P 2 1 0 4 1.8

14 H 9 9 8 8 11 11 17 17 11.3 11.3 1.88
P 0 0 0 0 0.0

17 H 72 75 44 65 15 36 42 49 43.3 56.3 9.38
P 3 21 21 7 13.0

3 H 0 1 0 0 0 0 0 0 0.0 0.3 0.04
P 1 0 0 0 0.3

5 H 0 1 0 0 0 0 0 0 0.0 0.3 0.04
P 1 0 0 0 0.3

10 H 0 0 0 0 2 2 81 81 20.8 20.8 3.46
P 0 0 0 0 0.0

2 H 5 5 7 33 1 2 31 33 11.0 18.3 3.04
P 0 26 1 2 7.3

13 H 152 156 68 76 17 18 248 258 121.3 127.0 21.17
P 4 8 1 10 5.8

16 H 1 3 0 0 0 0 0 0 0.3 0.8 0.13
P 2 0 0 0 0.5

1 H 0 0 417 454 230 232 201 201 212.0 221.8 36.96
P 0 37 2 0 9.8

6 H 345 382 353 360 207 211 301 301 301.5 313.5 52.25
P 37 7 4 0 12.0

15 H 1 1 0 0 0 0 0 0 0.3 0.3 0.04
P 0 0 0 0 0.0

19 H 6 7 0 2 0 0 0 0 1.5 2.3 0.38
P 1 2 0 0 0.8

20 H 555 1143 571 594 502 509 NS 0 542.7 561.5 93.58
P 588 23 7 NS 206.0

21 H 2 8 ND ND 7 8 NS 0 4.5 5.3 0.89
P 6 ND 1 NS 3.5

22 H 1 2 ND ND 0 0 NS 0 0.5 0.7 0.11
P 1 ND 0 NS 0.5

23 H 7 7 4 4 4 21 106 120 30.3 38.0 2.11
P 0 0 17 14 7.8

24 H 97 98 97 98 36 36 126 144 89.0 94.0 5.22
P 1 1 0 18 5.0

Total 1648 Total 1512 Total 1017 Total 766
Note: 
NS = not sampled, dry tank
ND = not determined (not visable)
H = Helisoma  spp.
P = Physa  spp.
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No similar snail population explosions were observed in the Test Cell PSTA mesocosms,
and it is currently hypothesized that this phenomenon may be an effect of the relatively
small scale of the Porta-PSTAs and the resulting absence of a predator population. Optimal
snail grazing is thought to maximize primary productivity in adapted spring ecosystems in
Florida (Knight, 1983). Higher consumer levels must regulate snail densities to provide this
stimulatory effect. The Phase 1 observation that snail density can significantly affect
periphyton viability indicates that more attention should be paid to this trophic level during
continuing PSTA research and development efforts.

2.5 Community Metabolism/Productivity
Aquatic ecosystems contain numerous biological processes that consume and produce
dissolved oxygen (DO). The oxygen-consuming processes are referred to as community
respiration (CR) and include cellular metabolism and decomposition processes. The oxygen-
producing processes are referred to as primary productivity and include photosynthetic
activities of submerged algae and plants in response to PAR or the input of light that can be
used by the plants. These community-level metabolism measurements are indispensable for
determining turnover of this ecological community.

Periphyton gross and net production have been routinely measured based on upstream-
downstream diurnal DO profiles, corrected for atmospheric diffusion (Odum, 1956; Odum
and Hoskins, 1957). These oxygen changes must be corrected for the effects of diffusion of
oxygen into or out of the water column. Diffusion rate was not measured in the PSTA
mesocosms during Phase 1. A value of 0.1 g oxygen per square meter per hour (O2/ m2/ hr)
was used for correcting observed changes until this rate is measured. This is a typical
diffusion rate observed under relatively low flow conditions.

Changes in DO content of the water column during a daily period can be used to estimate
the processes of community respiration and photosynthesis. The combination of respiration
and photosynthesis is called community metabolism (CM). This is also equal to gross pri-
mary productivity (GPP), a measure of the total oxygen fixed by the ecosystem. Respiration
continues throughout the daylight and nighttime hours and is reported as CR. The differ-
ence between CM or GPP and CR is called net primary production (NPP). NPP can be
reported for the full 24-hour day or just for the daylight portion (NPP day). The 24-hour
NPP is an estimate of the accumulation of fixed organic matter. The approximate conversion
between oxygen and carbon is 1:1 (Odum, 1971). The conversion between oxygen and ash-
free dry weight is approximately 1:2. GPP is sometimes expressed as an efficiency by
dividing the GPP converted to kilocalories (kcal) assuming a conversion of approximately
10 kcal/g O2 (Odum, 1971) and converting PAR to kcal by the assumption that one Einstein
(mole of photons) is equal to 52.27 kcal.

Exhibit 2-18 summarizes the ecosystem metabolism estimates for the PSTA Test Cells
through Phase 1. Long-term average GPP ranged from 1.53 to 2.95 g O2/m2/d in the peat-
based mesocosms. Average NPP ranged from -0.76 to -0.13 g O2/m2/d in these peat-based
mesocosms. This negative net production, in spite of the clear net production of plant
biomass in these mesocosms, indicates that the peat soils were resulting in a high sediment
oxygen demand (estimated as approximately -0.56 g O2/m2/d based on the Aquashade
control tank, PP-9). The P:R ratio, an indication of the autotrophic:heterotrophic nature of
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the ecosystems in the mesocosms was slightly less than 1.0 in the peat tanks. This is another
indication of the heterotrophic dominance in these tanks from oxidation of peat soils. Eco-
logical efficiencies ranged from approximately 0.9 to 1.6 percent in these mesocosms.

EXHIBIT 2-18
Ecosystem Metabolism Measurements from the PSTA Mesocosms During Phase 1

Treatment
GPP(day)

g/m2/d
CR(24hr)

g/m2/d
NPP(24hr)

g/m2/d P:R Ratio
PAR(24hr)

E/m2/d
Efficiency

%

PP-1 2.67 2.80 -0.13 0.95 34.8 1.47

PP-2 1.14 2.36 0.33 0.48 34.1 0.64

PP-3 1.53 1.96 -0.43 0.78 31.6 0.93

PP-4 2.65 2.37 0.27 1.12 32.6 1.55

PP-5 2.99 2.85 0.15 1.05 35.3 1.62

PP-6 2.09 1.77 0.33 1.18 32.3 1.24

PP-7 2.38 1.85 0.53 1.29 29.6 1.53

PP-8 1.88 1.50 0.38 1.25 25.9 1.39

PP-9 0.37 1.23 -0.56 0.30 36.5 0.19

PP-10 0.39 1.20 -0.03 0.32 36.4 0.20

PP-11 2.29 2.16 0.13 1.06 27.5 1.60

PP-12 1.61 2.37 -0.76 0.68 36.1 0.85

STC-1 2.95 3.12 -0.17 0.95 34.3 1.65

STC-2 3.07 2.97 0.11 1.03 34.9 1.69

STC-3 2.31 2.37 -0.06 0.97 35.5 1.24

Long-term average GPP ranged from 1.14 to 3.07 g O2/m2/d in the shellrock-based
mesocosms. Average NPP ranged from 0.11 to 0.33 g O2/m2/d. This positive net
productivity is in stark contrast to the peat-based tanks and is equivalent to an annual ash-
free dry weight net production of approximately 80 to 241 g/m2. The P:R ratio in the
shellrock mesocosms was typically greater than 1.0 in the shellrock tanks (except PP-2 and
STC-3). Ecological efficiencies ranged from approximately 0.6 to 1.7 percent in these
mesocosms.

The sand-based mesocosms had similar GPP rates to the other treatments and higher NPP
rates, probably indicating less sediment oxygen demand in these relatively clean (organic
matter free) soils.

The Aquashade control metabolism rates are of special interest. Low GPP rates in these
tanks (0.37 to 0.39 g O2/m2/d) confirm their low levels of algal productivity, but relatively
high CR rates (1.2 g O2/m2/d) indicate the presence of an active microbial community. The
P:R ratios in these tanks are indicative of a strongly heterotrophic community.
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Exhibit 2-19 illustrates the temporal pattern of ecosystem metabolism in selected treatments
during Phase 1. GPP (below water) in the peat soil mesocosms generally declined as
macrophyte cover increased. This equated to an increasingly negative NPP in STC-1 and
Tank 3. The GPP of the shellrock treatments shown in Exhibit 2-19 followed the annual solar
cycle. It is interesting to note that GPP appears to be higher during the beginning of the
second year of mesocosm development.

2.6 Summary of PSTA Viability
The PSTA mesocosms have met all of the criteria of viability that were tested during the
Phase 1 research and development effort. They have attained biomass levels that are
comparable to natural Everglades periphyton communities. They have duplicated the
normal periphyton algal species assemblage typical of low-P Everglades waters. They
display understandable community-level responses to environmental forcing functions,
such as sunlight and antecedent soils. They interact with macrophyte plant communities in
predictable ways. They have faunal components that are important in elemental cycling and
community structure. The bottom line after Phase 1 is that it is possible to grow a
periphyton-dominated ecosystem in less than 1 year and sustain it against macrophyte
invasion on non-organic soils (at least on this relatively small scale). Although a large
periphyton biomass can be developed on peat (organic) soils, it is relatively quickly
dominated by volunteer or planted emergent and submerged macrophytes. For this reason,
unamended peat soils have been dropped from further PSTA research during Phase 2
except for long-term Porta-PSTA treatment.

On inorganic soils such as shellrock and sand, the resulting periphyton community is highly
viable after a full year of development, very similar in appearance to natural Everglades
periphyton communities, and appears to be entering the second operational year in a highly
productive and more viable condition. This finding has led to the incorporation of
additional work on shellrock soils and inclusion of a number of limerock treatments in
Phase 2, both at the field scale and in the Porta-PSTAs. A complete description of these
Phase 2 treatments is provided in Section 5.



EXHIBIT 2-19
Temporal Pattern of Community Metabolism in Selected Phase 1  PSTA Treatments
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SECTION 3

Phosphorus Removal Performance and
Effectiveness

3.1 Introduction
The primary objective of the PSTA Research and Development Project is to determine the
effectiveness of this type of plant community for reduction of P loads to downstream
surface waters. For the PSTA concept to become an accepted, cost-effective technology, it
must be able to reduce concentrations and mass of TP in a predictable fashion. This P
removal effectiveness must be tied to specific design criteria, such as substrate type, water
depth, and flow rate, to allow complete evaluation of the cost of full-scale implementation.

To be considered effective, PSTAs must have the following characteristics:

•  They must be able to lower average concentrations of TP to levels protective of
downstream wetland and aquatic ecosystems. These levels may be as low as or lower
than 10 µg/L TP.

•  They must be able to reduce P mass load at a high enough rate to allow implementation
within a realistic footprint.

•  They must perform TP removal in a predicable fashion that allows for successful design
and reliable performance.

•  They must be able to provide treatment under varying input load conditions.

•  They must recover from drought or flood conditions and achieve a high level of
performance within a reasonable time frame.

•  They must continue to perform into the foreseeable future with an affordable level of
routine maintenance.

This section summarizes the Phase 1 project findings related to the effectiveness of PSTA for
P control in agricultural runoff.

3.2 Phosphorus Inflow Concentrations
Exhibit 3-1 summarizes the average data for various forms of P in the inflows to the PSTA
mesocosm test systems during Phase 1.
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EXHIBIT 3-1
Average Inflow P Concentrations to Porta-PSTAs During Phase 1

Parameter Test Cell Inflows Porta-PSTA Inflows

Total phosphorus (mg/L) 0.023 0.023

Total dissolved phosphorus (mg/L) 0.012 0.016

Total particulate phosphorus (mg/L) 0.009 0.007

Dissolved organic phosphorus (mg/L) 0.007 0.011

Dissolved reactive phosphorus (mg/L) 0.005 0.006

Inlet P concentrations were variable throughout the project period. While mean TP
concentrations were similar at both sites, TP was numerically greater at the Test Cells
during late summer and greater at the Porta-PSTAs during the early spring and late winter.
These differences in TP resulted from complex seasonal variations in the concentrations of
TDP and TPP in the two water supplies.

Exhibits 3-2 and 3-3 illustrate the net change in concentrations of various P forms between
the raw water supply and the mesocosm inflow sampling locations. These data indicate that
concentrations of TP were slightly reduced in the Test Cell inlet manifolds (average reduc-
tion of 0.0013 mg/L) but were not reduced significantly in the Porta-PSTA manifolds. TPP
showed the greatest reduction at the Test Cell inlet manifolds (average decrease of
0.0022 mg/L) while DOP increased by a similar amount (0.0018 mg/L). The increase in TDP
was less than DOP because of a slight decrease in the concentration of DRP. These types of
subtle water quality changes are likely to occur in any full-scale raw water delivery system.

3.3 Phosphorus Removal Performance
3.3.1 Concentrations
P outflow concentrations from the PSTA mesocosms have been variable during Phase 1.
Detailed plots of the inlet and outlet P time-series for each mesocosm are provided in
Appendix I. PSTA mesocosm performance data have been summarized over two opera-
tional periods. Operational Period 1 includes all P data for the period from initial peri-
phyton colonization through the end of Phase 1. Period 1 dates are summarized as follows:

•  STC-1: April 15, 1999, through January 10, 2000
•  STC-2 and 3: April 15, 1999, through March 30, 2000
•  PP-1, 2, and 8: May 17, 1999, through January 10, 2000
•  PP-3, 4, 5, 6, 7, 9, 10, 11, and 12: May 17, 1999, through March 30, 2000

Performance estimates for this period offer a conservative view of P removal capability of
the PSTA mesocosms that includes the end of soil and plant growth startup phenomena.



EXHIBIT 3-2
Difference Between Water Samples Collected from the Head Cell Outflow Station and Cell Inflow Station During Phase I (TP and TPP)
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EXHIBIT 3-3
Difference Between Water Samples Collected from the Head Cell Outflow Station and Cell Inflow Station
During Phase I (TDP, DOP, DRP)
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Operational Period 2 includes a shorter time interval after net P removals were consistently
positive. The start of this period was recognized by the observation that all P removal rates
were consistently positive through the remainder of Phase 1. Specific dates included in the
analysis of Period 2 were:

•  STC-1: July 1, 1999, through January 10, 2000
•  STC-2 and 3: July 1, 1999, through March 30, 2000
•  PP-1, 2, and 8: October 1, 1999, through January 10, 2000
•  PP-3, 4, 5, 6, 7, 9, 10, 11, and 12: October 1, 1999, through March 30, 2000

Performance estimates during Period 2 are typically higher than for Period 1 and represent
the likely steady-state P removal after completion of short-term startup phenomena.

Exhibit 3-4 summarizes the mean, maximum, and minimum concentrations for each of the P
forms during Operational Period 1. These data indicate that maximum individual outflow
TP concentrations are typically two to three times higher than the mean values. Continuing
startup phenomena such as wind mixing in the newly vegetated cells may be partially
responsible for this observation. Minimum recorded values are typically approximately one-
half of the mean concentrations for all of the P forms.

Operational Period 1 mean TP outflow concentrations were in the range of 15 to 21 µg/L
under the conditions of this research. Approximately 6 to 9 µg/L of this P was in the DOP
form and 6 to 10 µg/L was in the TPP form. All mean DRP outflow concentrations were
3 µg/L or less.

Monthly mean TP outflow concentrations were as low as 9 µg/L in the Porta-PSTAs and
11 µg/L in the PSTA Test Cells. Minimum recorded individual TP outflow values for the
PSTA mesocosms during Phase 1 were 8 µg/L.

3.3.2 Mass Removals
P mass loadings are a function of both inflow concentration and HLR. Exhibit 3-5 sum-
marizes the average TP mass loading and removal data from Phase 1 based on the two time
periods described above. TP mass loadings during Period 1 averaged between 0.39 and
0.67 g/m2/yr for all treatments except PP-5 where the average loading was approximately
1.14 g/m2/yr. Operational Period 2 P mass loadings were typically higher, ranging from
0.42 to 1.59 g/m2/yr.

These estimated loading rates do not account for atmospheric TP loadings. Detailed wet and
dry TP atmospheric deposition values are not available during the period of this research.
Appendix A summarizes rainfall TP values. The average rainfall TP was 0.018 mg/L
between August 1998 and March 2000. Based on an annualized rainfall rate of 147 cm
during the project period, this wet deposition from atmospheric sources is approximately
0.026 g/m2/yr. This is equivalent to approximately 7 percent or less of the pumped TP
loading rate. Dry atmospheric TP deposition may be greater than amount delivered by rain
alone. The estimated total atmospheric deposition of TP delivered by rain and particulate
fallout is approximately 0.0464 g/m2/yr (Burns & McDonnell, 1999). Even this amount is
less than approximately 10 percent of the TP delivered in the pumped inflows and, therefore
rainfall TP inputs are not considered in these mass balances.



EXHIBIT 3-4

Treatment Cell Inflow Outflow Inflow Outflow Inflow Outflow Inflow Outflow Inflow Outflow
PP-1 9, 11, 18 MEAN 0.018 0.016 0.005 0.007 0.013 0.009 0.004 0.002 0.008 0.007

MAX 0.029 0.051 0.017 0.043 0.030 0.020 0.012 0.005 0.022 0.018
MIN 0.011 0.008 0.000 0.000 0.006 0.005 0.002 0.001 0.004 0.003

PP-2 4, 7, 8 MEAN 0.019 0.015 0.006 0.006 0.013 0.009 0.004 0.002 0.008 0.007
MAX 0.073 0.047 0.064 0.037 0.024 0.021 0.009 0.012 0.014 0.013
MIN 0.012 0.009 0.000 0.000 0.006 0.006 0.002 0.001 0.004 0.003

PP-3 12, 14, 17 MEAN 0.022 0.016 0.006 0.007 0.016 0.009 0.006 0.002 0.011 0.007
MAX 0.045 0.042 0.018 0.033 0.036 0.017 0.017 0.005 0.023 0.012
MIN 0.012 0.008 0.000 0.000 0.006 0.005 0.000 0.000 0.004 0.003

PP-4 3, 5, 10 MEAN 0.022 0.016 0.006 0.007 0.016 0.009 0.006 0.002 0.010 0.007
MAX 0.045 0.034 0.018 0.025 0.036 0.019 0.017 0.005 0.023 0.013
MIN 0.011 0.008 0.000 0.000 0.006 0.005 0.000 0.001 0.003 0.002

PP-5 2, 13, 16 MEAN 0.022 0.017 0.006 0.007 0.016 0.010 0.007 0.002 0.010 0.007
MAX 0.045 0.054 0.018 0.046 0.036 0.029 0.017 0.004 0.023 0.026
MIN 0.012 0.010 0.000 0.000 0.006 0.005 0.002 0.001 0.001 0.004

PP-6 1, 6, 15 MEAN 0.022 0.016 0.006 0.007 0.016 0.009 0.006 0.002 0.010 0.007
MAX 0.045 0.060 0.017 0.051 0.036 0.016 0.017 0.019 0.023 0.012
MIN 0.012 0.008 0.000 0.001 0.006 0.004 0.002 0.001 0.003 0.000

PP-7 19 MEAN 0.022 0.015 0.006 0.006 0.016 0.009 0.006 0.002 0.010 0.007
MAX 0.045 0.037 0.018 0.028 0.036 0.018 0.017 0.003 0.023 0.011
MIN 0.012 0.011 0.000 0.000 0.006 0.006 0.002 0.001 0.003 0.002

PP-8 20 MEAN 0.021 0.018 0.006 0.009 0.016 0.009 0.007 0.002 0.010 0.007
MAX 0.045 0.031 0.017 0.020 0.036 0.013 0.017 0.003 0.023 0.012
MIN 0.012 0.013 0.000 0.003 0.006 0.006 0.002 0.001 0.000 0.003

PP-9 21 MEAN 0.021 0.018 0.006 0.007 0.016 0.011 0.006 0.003 0.010 0.007
MAX 0.045 0.038 0.017 0.031 0.036 0.027 0.017 0.008 0.023 0.013
MIN 0.011 0.010 0.000 0.000 0.006 0.005 0.002 0.001 0.004 0.004

PP-10 22 MEAN 0.022 0.015 0.006 0.006 0.016 0.009 0.006 0.003 0.010 0.006
MAX 0.045 0.028 0.017 0.017 0.036 0.015 0.017 0.011 0.023 0.012
MIN 0.012 0.010 0.000 0.000 0.006 0.005 0.002 0.001 0.003 0.000

PP-11 23 MEAN 0.022 0.017 0.006 0.008 0.016 0.010 0.006 0.002 0.010 0.009
MAX 0.045 0.040 0.018 0.027 0.036 0.051 0.017 0.004 0.023 0.050
MIN 0.012 0.011 0.000 0.000 0.006 0.005 0.000 0.000 0.002 0.002

PP-12 24 MEAN 0.022 0.018 0.006 0.008 0.016 0.010 0.006 0.002 0.011 0.008
MAX 0.045 0.033 0.018 0.025 0.036 0.022 0.017 0.003 0.023 0.010
MIN 0.011 0.012 0.000 0.000 0.006 0.006 0.000 0.001 0.004 0.004

STC-1 13 MEAN 0.022 0.019 0.010 0.008 0.012 0.011 0.006 0.003 0.007 0.009
MAX 0.043 0.041 0.025 0.023 0.019 0.023 0.019 0.017 0.014 0.018
MIN 0.013 0.011 0.003 0.000 0.002 0.005 0.002 0.000 0.000 0.003

STC-2 8 MEAN 0.023 0.017 0.009 0.007 0.012 0.011 0.006 0.003 0.008 0.009
MAX 0.043 0.040 0.021 0.022 0.028 0.022 0.015 0.017 0.014 0.019
MIN 0.013 0.009 0.000 0.000 0.002 0.005 0.002 0.001 0.000 0.000

STC-3 3 MEAN 0.021 0.021 0.008 0.010 0.012 0.010 0.005 0.003 0.008 0.009
MAX 0.043 0.054 0.017 0.036 0.021 0.025 0.014 0.023 0.018 0.020
MIN 0.013 0.011 0.002 0.004 0.002 0.006 0.001 0.001 0.000 0.000

DOP (mg/L)

P Concentrations During Phase 1, Operational Period 1

Notes: Porta-PSTA operational period 1 runs from May 17, 1999 through the end of Phase 1; PSTA Test Cell operational period 1 runs from April 15, 1999 
through the end of Phase 1. Inflow averages include data from constant head tank outlet and samples collected from individual tank inlets.

TP (mg/L) TPP (mg/L) TDP (mg/L) SRP (mg/L)
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EXHIBIT 3-5
Mass Balance for Phase 1, Operational Periods 1 and 2

TP (mg/L) Inflow Outflow Avg_flow q_avg MB_TP (g/m2/y) Removal Calc k1

Treatment Inflow Outflow (m3/d) (m3/d) (m3/d) (cm/d) Inflow Outflow (g/m2/y) (%) (m/y)
Operational Period 1

PP-1 0.019 0.016 0.448 0.413 0.428 7.46 0.493 0.416 0.078 15.7 2.71
PP-2 0.019 0.015 0.446 0.422 0.432 7.43 0.508 0.397 0.111 21.8 5.24
PP-3 0.022 0.016 0.440 0.402 0.420 7.33 0.593 0.427 0.166 28.0 7.70
PP-4 0.022 0.016 0.449 0.457 0.451 7.49 0.607 0.425 0.183 30.1 7.61
PP-5 0.022 0.017 0.835 0.773 0.803 13.92 1.145 0.838 0.307 26.8 12.27
PP-6 0.022 0.016 0.347 0.330 0.337 5.79 0.447 0.331 0.116 26.0 5.02
PP-7 0.022 0.016 0.435 0.401 0.414 7.24 0.580 0.411 0.169 29.2 5.55
PP-8 0.019 0.018 0.454 0.362 0.408 7.57 0.501 0.465 0.036 7.1 -0.57
PP-9 0.022 0.018 0.465 0.457 0.463 7.74 0.669 0.529 0.140 21.0 5.48
PP-10 0.022 0.015 0.442 0.397 0.419 7.37 0.618 0.406 0.212 34.3 9.54
PP-11 0.022 0.018 1.325 1.322 1.322 7.36 0.607 0.457 0.150 24.6 3.89
PP-12 0.022 0.018 1.351 1.367 1.357 7.50 0.611 0.489 0.122 20.0 4.47

Operational Period 2
PP-1 0.020 0.014 0.574 0.538 0.556 9.561 0.682 0.495 0.19 27.5 11.23
PP-2 0.020 0.013 0.549 0.539 0.544 9.149 0.661 0.436 0.23 34.1 13.91
PP-3 0.025 0.015 0.524 0.500 0.512 8.735 0.798 0.488 0.31 38.9 15.69
PP-4 0.025 0.014 0.534 0.540 0.537 8.908 0.815 0.467 0.35 42.7 18.12
PP-5 0.025 0.017 1.033 0.996 1.014 17.211 1.594 1.037 0.56 35.0 27.01
PP-6 0.026 0.015 0.271 0.287 0.279 4.521 0.425 0.245 0.18 42.3 9.06
PP-7 0.025 0.015 0.516 0.484 0.500 8.593 0.776 0.463 0.31 40.3 16.20
PP-8 0.020 0.016 0.557 0.522 0.540 9.283 0.676 0.537 0.14 20.7 7.84
PP-9 0.026 0.020 0.574 0.599 0.587 9.571 0.895 0.709 0.19 20.8 8.16
PP-10 0.026 0.015 0.532 0.520 0.526 8.874 0.840 0.486 0.35 42.2 17.73
PP-11 0.025 0.016 1.603 1.564 1.584 8.904 0.822 0.519 0.30 36.9 14.94
PP-12 0.025 0.017 1.615 1.575 1.595 8.971 0.819 0.548 0.27 33.1 13.16

Operational Period 1
STC-1 0.024 0.019 120.8 115.1 117.6 4.56 0.401 0.314 0.087 21.7 0.74
STC-2 0.023 0.016 120.8 135.6 127.9 4.65 0.397 0.274 0.123 31.1 4.37
STC-3 0.023 0.021 113.2 180.5 146.8 4.39 0.388 0.331 0.057 14.6 0.02

Operational Period 2
STC-1 0.025 0.016 119.9 98.5 109.9 4.508 0.412 0.270 0.14 34.4 6.94
STC-2 0.024 0.013 120.2 135.6 127.5 4.638 0.398 0.226 0.17 43.2 9.58
STC-3 0.023 0.018 119.8 192.7 156.3 4.667 0.392 0.305 0.09 22.3 4.30
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Phase 1 average TP mass removal estimates are also included in Exhibit 3-5. The range of TP
removal rates in the Porta-PSTAs during Period 1 ranged from 0.04 to 0.31 g/m2/yr and
from 0.14 to 0.56 g/m2/yr during Period 2. Mass removal rates ranged from approximately
0.06 to 0.12 g/m2/yr in the three PSTA Test Cells during Period 1 and from 0.09 to
0.17 g/m2/yr during Period 2. Average TP mass removal efficiencies during Period 1 in the
Porta-PSTAs ranged from a low of 7.1 percent in treatment PP-8 to 34.3 percent in PP-10.
Period 1 TP removal efficiencies ranged from 14.6 to 31.1 percent in the PSTA Test Cells.
During Period 2, the TP mass removal efficiencies ranged from 21 to 42 percent in the Porta-
PSTAs and from 22 to 43 percent in the Test Cells.

3.3.3 k-C* Model Calibration
Pollutant removal rates can be summarized as a simple logarithmic decay (first-order
process) by the use of inflow/outflow concentrations and hydraulic loading data. Wetland
performance is tied more closely to surface area than to water volume (Kadlec and Knight
1996), so an area-based model is typically more appropriate than a volumetric first-order
model. A plug-flow hydraulic assumption is used for preliminary PSTA TP performance
calibration.

The simplest expression of the first-order, area-based plug flow wetland performance
model, assuming no net rainfall or seepage, is:

ln (C1/C2) = k1/q [Equation 3-1]

where:

C1 = average inlet concentration, mg/L
C2 = average outlet concentration, mg/L
k1 = first-order, area-based rate constant, m/yr
q = average hydraulic loading rate, m/yr

This is the general form of the wetland model and can be referred to as the one-parameter or
k1 model. Exhibit 3-5 also includes the average treatment TP k1 values estimated for the two
operational periods. During Operational Period 1, average treatment k1 ranged from -0.6 to
12.3 m/yr. Operational Period 2 average treatment TP k1 values were higher, ranging from
4.3 to 27 m/yr.

Data from many wetlands indicate that internal and external loading of TP may result in
non-zero, irreducible wetland water column constituent concentrations. For some purposes
these concentrations may be so low as to be indistinguishable from zero. In other cases,
effluent discharge goals approach the lowest constituent concentrations measured in natural
wetlands. In these situations, the plug flow model can be corrected by introducing a second
parameter that represents the lowest achievable or irreducible concentration that will occur
in a treatment wetland, C*.

The two-parameter first-order, area-based plug flow model, or k-C* model, is:

ln[(C1-C*)/(C2-C*)] = k/q [Equation 3-2]

where:

k = two-parameter model first-order, area-based removal rate constant, m/yr
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Inlet and outlet concentration data can be combined with average HLR, q, to estimate k and
C* for a given treatment wetland data set. Average data for a period of time greater than the
average hydraulic residence time (HRT) in the wetland should be used when making these
parameter estimates. These parameters are most often calculated based on at least monthly,
quarterly, or annual average data sets.

For some constituents, the value of k is dependent upon temperature. The modified
Arrhenius equation that describes this dependency is:

kT = k20(theta[T-20] ) [Equation 3-3]

where:

theta = temperature correction factor
T = the average water temperature, deg C
kT = k at T deg C, m/yr
k20 = k at 20 deg C, m/yr

The Phase 1 PSTA data have been used to provide a preliminary calibration of the k-C*
model. All data collected during the two defined operational periods were utilized and the
Excel Solver routine was employed to provide the best-fit calibration to these data sets. This
data set is not yet robust enough to allow simultaneous calibration of k, C*, and the temper-
ature correction factor (theta), so this preliminary calibration assumed that C* was approxi-
mately equal to the lowest monthly average for a given data set. Theta was assumed to be
equal to 1.0, indicating no effect of temperature on k; however, examination of the data
indicates that theta may be less than 1.0 in reality, resulting in a higher TP removal rate
constant at a water temperature of 20 degrees Celsius (°C), than at the mean operational
temperature of approximately 24.5°C.

 Exhibit 3-6 summarizes the estimated average Phase 1 PSTA k-C* values. Estimated C*TP

values ranged from 9 to 15 µg/L. Estimated k values in the PSTA Test Cells during Period 1
ranged between 4.4 and 15.5 m/yr. During Period 2 these values were higher, ranging from
14.5 to 26.3 m/yr. The estimated k values in the Porta-PSTA treatments were generally
higher, ranging from 8.6 to 58 m/yr during Period 1 and from 23.4 to 89.3 m/yr during
Period 2. Estimated k values appear to be loosely correlated with hydraulic loading (and
therefore mass loading) rates. This observation is not surprising because the inflow con-
centrations are relatively close to the C* levels. Internal TP sampling indicated that concen-
trations at the one-third and two-third points along the length of the cells were generally
comparable to the outflow values.

 TP k values varied markedly during the Phase 1 operational period (see Exhibits 3-7 and 3-8
for the Porta-PSTAs and Test Cells, respectively). All monthly k values started out negative
or near zero during the first few months of system startup and operation. The estimated k
values continued to increase through the summer and fall in most treatments and reached
peak values in mid-winter (December to January). In several of the treatments, k values
declined somewhat during the early spring of the second year. Calculation of k values based
on data collected during Operational Period 2 provided higher averages than those calcu-
lated during Period 1 because of this apparent startup response that continued for 4 to
5 months after initial flooding of the PSTA mesocosms.



EXHIBIT 3-6

Operational Period 1 Operational Period 2
TP (mg/L) HLR Wtr Temp k C* TP (mg/L) HLR Wtr Temp k C*

Treatment Cell In Out (m/yr) (degC) (m/yr) (mg/L) In Out (m/yr) (degC) (m/yr) (mg/L)
PP-1 all 0.019 0.016 27.2 25.5 8.6 0.009 0.020 0.014 34.9 22.7 25.8 0.009
PP-1 9 0.018 0.014 27.3 25.4 18.5 0.009 0.020 0.013 35.6 22.6 35.3 0.009
PP-1 11 0.019 0.017 26.9 24.9 8.7 0.011 0.020 0.015 33.4 22.0 28.6 0.011
PP-1 18 0.019 0.017 27.6 26.4 13.8 0.013 0.020 0.015 35.7 23.4 49.3 0.013
PP-2 all 0.019 0.015 26.7 25.3 18.5 0.010 0.020 0.013 33.4 22.0 39.1 0.010
PP-2 4 0.021 0.014 29.6 25.9 35.2 0.011 0.020 0.013 35.7 22.8 55.2 0.011
PP-2 7 0.019 0.015 26.3 25.4 15.5 0.011 0.020 0.013 31.9 21.2 58.4 0.011
PP-2 8 0.019 0.016 25.7 25.4 6.1 0.010 0.020 0.013 32.6 22.2 36.8 0.010
PP-3 all 0.022 0.016 26.8 24.5 23.6 0.010 0.025 0.015 31.9 21.2 32.7 0.010
PP-3 12 0.022 0.017 27.8 23.7 25.3 0.012 0.025 0.016 33.3 21.0 35.5 0.012
PP-3 14 0.022 0.013 26.5 23.9 51.3 0.010 0.025 0.012 31.8 20.5 61.8 0.010
PP-3 17 0.022 0.019 26.1 25.2 26.2 0.014 0.025 0.018 30.5 21.9 35.4 0.014
PP-4 all 0.022 0.016 27.3 24.4 21.8 0.009 0.025 0.014 32.5 21.3 33.4 0.009
PP-4 3 0.022 0.016 27.9 24.3 28.9 0.011 0.025 0.015 33.4 21.6 35.7 0.011
PP-4 5 0.022 0.015 27.8 24.5 26.5 0.009 0.025 0.013 32.0 21.0 41.8 0.009
PP-4 10 0.022 0.017 26.3 24.4 28.3 0.012 0.025 0.015 32.1 21.3 41.2 0.012
PP-5 all 0.022 0.017 50.8 25.1 57.8 0.013 0.025 0.017 62.8 21.7 68.1 0.013
PP-5 2 0.022 0.018 50.0 24.7 45.3 0.013 0.025 0.016 61.3 22.1 61.0 0.013
PP-5 13 0.022 0.018 51.9 24.8 62.0 0.014 0.025 0.017 65.2 21.3 62.0 0.014
PP-5 16 0.022 0.015 50.5 25.1 83.2 0.013 0.025 0.016 62.0 21.7 83.2 0.013
PP-6 all 0.022 0.016 21.1 23.9 19.4 0.010 0.026 0.015 16.5 21.1 23.4 0.010
PP-6 1 0.022 0.017 22.0 23.5 42.5 0.014 0.026 0.016 16.7 20.7 42.5 0.014
PP-6 6 0.022 0.016 21.0 24.5 19.7 0.012 0.026 0.017 16.8 21.2 26.9 0.012
PP-6 15 0.022 0.015 20.4 24.1 25.3 0.010 0.026 0.012 16.0 21.5 30.5 0.010
PP-7 19 0.022 0.016 26.4 24.4 30.8 0.012 0.025 0.015 31.4 21.2 41.7 0.012
PP-8 20 0.019 0.018 27.6 25.6 16.3 0.015 0.020 0.016 33.9 22.0 89.3 0.015
PP-9 21 0.022 0.018 28.3 24.5 22.9 0.012 0.026 0.020 34.9 21.4 35.5 0.012

PP-10 22 0.022 0.015 26.9 23.3 40.3 0.012 0.026 0.015 32.4 19.8 45.4 0.012
PP-11 23 0.022 0.018 26.9 24.1 22.8 0.012 0.025 0.016 32.5 20.8 34.0 0.012
PP-12 24 0.022 0.018 27.4 24.5 26.9 0.013 0.025 0.017 32.7 20.9 36.2 0.013
STC-1 13 0.024 0.019 16.6 25.2 10.0 0.012 0.025 0.016 16.5 24.2 16.6 0.012
STC-2 8 0.023 0.016 17.0 25.9 15.5 0.011 0.024 0.013 16.9 25.2 26.3 0.011
STC-3 3 0.023 0.021 16.0 24.8 4.4 0.013 0.023 0.018 17.0 23.8 14.5 0.013

Porta-PSTAs
Peat all 0.021 0.017 27.4 24.7 16.2 0.009 0.024 0.016 33.3 21.6 26.1 0.009
Shellrock all 0.022 0.017 30.7 24.5 20.3 0.009 0.024 0.015 36.2 21.4 31.7 0.009
Sand all 0.020 0.017 27.0 24.9 22.4 0.012 0.023 0.015 32.4 21.5 39.2 0.012

South Test Cells
Peat all 0.024 0.019 16.6 25.2 10.0 0.012 0.025 0.016 16.5 24.2 10.0 0.012
Shellrock all 0.023 0.018 16.5 25.4 8.8 0.011 0.023 0.016 17.0 24.5 17.9 0.011
Notes:

Average Performance and Estimated Parameters for the k-C* Model from the PSTA Phase 1 Mesocosm Research

Theta (temperature coefficient) is assumed to be 1.0 and C* is set equal to the lowest observed monthly average. The k values are estimated by the Excel Solver 
routine to minimize the difference between observed and estimated monthly average outflow TP concentrations.
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EXHIBIT 3-7
Time-series Plots of Monthly Estimated TP k Values for the Porta-PSTA Mesocosms During Phase 1
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EXHIBIT 3-8
Time-series Plots of Monthly Estimated TP k Values for the South Test Cells PSTA Mesocosms During Phase 1
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3.3.4 Effects of Water Depth
Water depth is one of the key treatment variables for the Phase 1 PSTA research. Three
different water depth regimes were tested:

•  Stable water levels at 60 cm
•  Stable water levels at 30 cm
•  Varying water depths between 0 and 60 cm

The effects of water depth on TP removal performance can be examined by comparison of
treatment averages provided below and by detailed statistical analyses such as those
reported in Appendix E. Exhibit 3-9 illustrates the effects of water depth on average outflow
TP and k1 for Operational Period 2. There was no consistent effect of either shallow or deep
stable water depths on outflow TP concentration in any of the Porta-PSTA treatment com-
binations. There was an apparent depth or water regime effect between the performance of
STC-2 and STC-3. STC-3 had a variable water regime while STC-2 had a relatively stable
water depth and HLR. The variable water depth treatment had a significantly higher
outflow TP concentration than the fixed water depth Test Cell.

EXHIBIT 3-9
Effects of Water Depth on Average TP Outflow Concentration and k1 Value During Operational Period 2

Treatment Soil Soil Water Depth TP Out (mg/L) k1 (m/yr)

PP-1 Peat deep 0.014 11.2

PP-3 Peat shallow 0.015 15.7

PP-2 Shellrock deep 0.013 13.9

PP-4 Shellrock shallow 0.014 18.1

PP-6 Shellrock variable 0.015 9.1

PP-8 Sand deep 0.016 7.8

PP-7 Sand shallow 0.015 16.2

STC-2 Shellrock deep 0.013 9.6

STC-3 Shellrock variable 0.018 4.3

Water depth did appear to have an effect on the average k1 value measured in the Porta-
PSTA mesocosms. This important design parameter was from 30 to 108 percent higher at the
shallow water depth compared to the deeper water depth treatments These findings influ-
enced the decision to switch to a 30 cm mean water depth during the Phase 2 PSTA research
period. Variable water depth treatments did not perform as well as shallow or deep fixed
water depths at either mesocosm scale. Average Period 2 TP k1 values were markedly lower
for the variable depth treatments (see Exhibit 3-9).

3.3.5 Effects of Soil Type
Three types of soils were employed in the Phase 1 Porta-PSTA mesocosms:

•  Peat (high organic content) agricultural soils
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•  Shellrock
•  Sand (beach)

The effects of these soil types on PSTA TP removal performance can be examined by
comparing treatment combinations. Exhibit 3-10 illustrates the overall effects of soil type on
PSTA TP removal performance for Operational Period 2. In the 60-cm-deep Porta-PSTA
mesocosms, shellrock outperformed peat and sand. At 30 cm, there was no clear difference
between the performance of treatments for any of the three soil types.

EXHIBIT 3-10
Effects of Soil Type on Average TP Outflow Concentration and k1 Value During Operational Period 2

Treatment Soil
Depth
(cm) TP Out (mg/L) k1 (m/yr)

PP-1 Peat 60 0.014 11.2

PP-2 Shellrock 60 0.013 13.9

PP-8 Sand 60 0.016 7.8

PP-3 Peat 30 0.015 15.7

PP-4 Shellrock 30 0.014 18.1

PP-7 Sand 30 0.015 16.2

STC-1 Peat 60 0.016 6.9

STC-2 Shellrock 60 0.013 9.6

In the PSTA Test Cells, there was a marked difference in performance between the two
contrasting cells with different soil types. STC-2 with shellrock soil consistently out-
performed STC-1 with peat soils. The average outflow TP concentration was consistently
lower and the k value consistently higher in STC-2 than in STC-1. This observation, when
combined with the finding from Section 2 of this report that shellrock provided more
favorable periphyton growth conditions, was important in pursuing a series of limerock
substrate options during the Phase 2 research.

3.3.6 Effects of Loading Rate
HLR was a treatment variable at the Porta-PSTA mesocosm scale. The only design differ-
ence between treatments PP-2 and PP-5 was hydraulic loading, with a two-fold difference
between the two treatments. Data summarized in Exhibits 3-5 and 3-6 indicate that
increasing the hydraulic loading to an average rate of 14 cm/d from 7.3 cm/d increased the
average outflow TP concentration (from 0.013 to 0.017 mg/L during Operational Period 2)
and the value of C* (from 0.010 to 0.013 mg/L), and more than doubled the average k1 value
(from 13.9 to 27.0 m/yr). The impact of this finding is that it may be possible to remove a
significantly greater amount of TP in a PSTA operated at a higher hydraulic loading, as long
as the lowest possible outflow TP concentration is not desired downstream. This finding
deserves additional study and data analysis.
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3.3.7 Effects of Mesocosm Scale
All mescocosm research systems have certain limitations for scale-up to full-scale design
(Bowling et al., 1980; Beyers and Odum, 1993). Reduced-size systems may have unrealistic
surface area to volume ratios and flow velocity regimes. Scale-up effects are likely when
extrapolating from small test systems to larger, full-scale systems.

The PSTA research includes specific treatment combinations that provide some
quantification of this effect on treatment performance. Two Porta-PSTA scales are being
tested: 1-meter- and 3-meter-wide fiberglass tanks. Both sets of tanks are 6 meters long, so
the scale difference between these tanks can be quantified as the depth:width ratio sum-
marized earlier in Exhibit 1-1. The 1-meter-wide Porta-PSTA tanks have a depth:width ratio
of either 0.6 or 0.3 depending upon their water depth. The 3-meter-wide tanks had a
depth:width ratio of approximately 0.1. The PSTA Test Cells have the least effect of scale,
with a depth:width ratio of approximately 0.02.

Exhibit 3-11 summarizes the effect of mesocosm scale on the key P performance indicators,
average outflow concentration and k1 for Operational Period 2. In every comparison where
scale is the only treatment difference, increasing scale resulted in equal or higher average
outflow TP concentrations. These apparent scale effects are relatively minor with increased
outlet concentrations ranging from 0 to 14 percent higher at the larger scale. Increasing scale
consistently reduced the average estimated value of k1 during this operational period . These
reductions in k1 ranged from 16 to 38 percent and confirm that research scale was a signifi-
cant factor in the results of the Phase 1 research.

EXHIBIT 3-11
Effects of Mesocosm Scale on Average TP Outflow Concentration and k1 Value During Operational Period 2

Treatment Soil
Depth
(cm) Depth:Width Ratio TP Out (mg/L) k1 (m/yr)

PP-1 Peat 60 0.60 0.014 11.2

STC-1 Peat 60 0.02 0.016 6.9

PP-3 Peat 30 0.30 0.015 15.7

PP-12 Peat 30 0.10 0.017 13.2

PP-2 Shellrock 60 0.60 0.013 13.9

STC-2 Shellrock 60 0.02 0.013 9.6

PP-4 Shellrock 30 0.30 0.014 18.1

PP-11 Shellrock 30 0.10 0.016 14.9

This finding supports the need to eliminate scale as a factor in developing PSTA design and
sizing criteria. Larger mesocosms are more likely to return realistic design criteria than
small mesocosms that are dominated by wall effects. During Phase 2, a field-scale PSTA
research facility will be utilized with an approximate depth:width ratio ranging from 0.005
and 0.046.
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3.3.8 Effects of Periphyton and Macrophytes
Two Aquashade control Porta-PSTA tanks were operated for comparison to the vegetated
Porta-PSTA treatments. These tanks were not replicated, and each of the two tanks had a
different soil type, peat and shellrock. Results from these tanks can be compared to results
from the other treatments to obtain an indication of the importance of periphyton and
macrophytes to the observed P removal rates.

Exhibit 3-12 summarizes the key findings from the Aquashade tanks compared to their
comparable treatments with plants for Operational Period 2. For both soil types, the outflow
TP from the Aquashade control was higher than for the vegetated tanks.

EXHIBIT 3-12
Effects of Periphyton and Macrophytes on Average TP Outflow Concentration and k1 Value During
Operational Period 2

Treatment Soil Plants TP Out (mg/L) k1 (m/yr)

PP-1 Peat yes 0.014 11.2

PP-9 Peat no 0.020 8.2

PP-2 Shellrock yes 0.013 13.9

PP-10 Shellrock no 0.015 17.7

Effects of Aquashade on the Operational Period 2 average k1 values were not consistent. For
the peat soils the Aquashade k1 value was lower by 27 percent and for the shellrock pair, the
Aquashade k1 value was higher by 27 percent. Since the Aquashade control treatments were
not replicated, it is likely that neither of these differences were significant.

These findings for the un-vegetated Aquashade control tanks are important. They may
indicate that the net P removal and recycling effects of the periphyton and macrophytes
offset one another to the point of having no consistent influence on TP removal rate.
However, the presence of periphyton and plants led to lower achievable TP outflow
concentrations. It is clear that results from these relatively small-scale mesocosms must be
interpreted with caution.

3.4 Phosphorus Dynamics and Fate
 The Phase 1 PSTA research offers many clues to the processes that are of importance in
evaluating the potential of a periphyton-based concept for full-scale use. While the research
design focused on assessing the “green box” parameters of importance in sizing a full-scale
PSTA, some insight has been gained into understanding the processes of TP cycling and the
fate of the TP that is removed within the mesocosms. The specific processes discussed below
include the fate of P in the mesocosm soils, the observed changes in non-reactive organic P
forms, gross P accretion rates in new sediments, and the effects of snail grazing on the net P
removal.
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3.4.1 Soil P Interactions
The soil in the mesocosms represent the largest storage of P. For example, in the peat-based
systems with 20-cm soil depth, a dry bulk density of 0.3 g/cm3, and an average TP of
200 mg/kg, there is approximately 12 g P/m2. Based on a bulk density of 1.3 g/cm3 and a
TP concentration of 1,000 mg/kg, there is approximately 260 g P/m2 in the shellrock tanks.
The sand tanks have approximately 7.8 g P/m2 based on a bulk density of 1.3 g/cm3 and a
TP concentration of 30 mg/kg. These TP masses are significantly larger than the tiny mass
of TP in the water column (approximately 0.006 to 0.012 g/m2), in the plants and periphyton
(0.15 to 1.5 g/m2), or the net amount removed in these test systems during the Phase 1
period (0.04 to 0.31 g P/m2/yr). Small return fluxes of P from the mesocosm soils could
result in net TP removal rates that are much less than the actual gross removals by
periphyton/macrophyte growth and sediment accretion.

Exhibit 3-13 summarizes the beginning and ending soil P sorption characteristics during the
Phase 1 operational period. These data indicate that although the TP concentration of the
shellrock soils is much higher than for the peat soils, DRP is more easily released from the
peat soils (with water extraction 1.03 mg/kg for peat vs. 0.03 mg/kg for the shellrock).
Equilibrium P concentration (EPCo) values indicate that shellrock soils do not release DRP
until water concentrations are less than approximately 0.003 mg/L, while peat soils release
DRP when the water concentrations are less than 0.051 mg/L (essentially all of the time
during this research).

Comparison of soil P sorption characteristics between the beginning and end of this Phase 1
period indicates that the shellrock hydrochloric acid (HCl) extractable DRP has increased
from 855 to 940 mg/kg and the water extractable DRP has decreased from 1.3 to
0.03 mg/kg. The peat soil HCl extractable DRP has not varied by much (131 vs. 124 mg/kg)
while the water extractable DRP has decreased from 4.67 to 1.03 mg/kg. TP has declined
slightly in both soil types (11 percent in the peat and 6.3 percent in the shellrock), indicating
a possible release to the water column. EPCo values have increased in the peat from 13 to
51 µg/L and from 2 to 3 µg/L in the shellrock soils.

Assuming the bulk density values described above, the peat soils have apparently lost about
218 mg DRP/m2 in the peat mesocosms, presumably to the water column or plants. This
does not account for P lost in organic or particulate forms or for the possible decomposition
(oxidation) of peat sediments with release of their TP. The average net TP removal in the
peat mesocosms during the operational period was approximately 118 mg/m2. For the
shellrock mesocosms, approximately 322 mg DRP/m2 has been lost compared to an annual
net TP reduction of approximately 146 mg/m2. This line of reasoning indicates that gross P
removal rates in the mesocosms are likely to be several times greater than observed net
rates. If soils can be found that do not release P, or if this is a start-up phenomenon that is
ultimately depleted or covered over by newly accreting sediments, then it is likely that
higher P removal rates and k values can be used for full-scale PSTA design. Phase 2 research
will seek to explore this possible design criterion by including studies with limerock soils
that are known to have less exchangeable DRP than shellrock or peat soils.



EXHIBIT 3-13
Average Soil Phosphorus Sorption Characteristics During Phase 1

Substrate

Jan-99 Mar-00 Jan-99 Mar-00 Jan-99 Mar-00 Jan-99 Mar-00 Jan-99 Mar-00 Jan-99 Mar-00 Jan-99 Mar-00

Peat 0.013 0.051 47.1 33 -0.6 -1.7 185 201 4.67 1.03 26.23 7.88 131 124

Shellrock 0.002 0.003 812 1349 -1.8 -4.6 1071 1004 1.27 0.03 8.70 3.34 855 940

Sand 0.014 ND 4.79 ND -0.07 ND ND ND ND ND ND ND ND ND

DRP-water 
(mg/kg)

DRP-NaHCO3 
(mg/kg)

DRP-HCl 
(mg/kg)

Notes: Kd = linear adsorption coefficient; So = initial adsorbed P at C=0 (negative sign indicates desorbable P); EPCo = equilibrium P concentration; ND = not 
determined.

EPCo 
(mg/L)

Kd 
(L/kg)  

So 
(mg/kg)

TP 
(mg/kg)

GNV/003673753-sect3_exhibits.xls
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Exhibits 3-14 through 3-16 illustrate the observed temporal patterns for soil P concentra-
tions. Exhibit 3-14 shows a clear loss of TP (in the form of TIP as measured by HCl
digestion) in the peat-based PSTA Test Cell. Concentrations of TIP decreased in the upper
10 cm from a starting value of approximately 450 mg/kg to a stable value of approximately
200 to 250 mg/kg within 3 months after startup of operations. TP and TIP losses in the peat-
based Porta-PSTAs were less, probably because starting concentrations were closer to the
stable range. The total organic P (TOP estimated as TP-TIP) content of these peat soils
generally increased throughout the period of the Phase 1 research. Overall average TOP
concentrations rose from approximately 20 mg/kg to a relatively stable level of
approximately 100 mg/kg following a 5- to 6-month startup period.

Exhibit 3-15 shows the soil P trends for the shellrock mesocosms. TP and TIP were relatively
constant between 800 and 1,200 mg/kg with a slight apparent increase during the opera-
tional period. TOP in these shellrock soils appeared to initially increase and then decline to
near zero during this period.

Exhibit 3-16 provides the time-series data for the two sand-based Porta-PSTA control tanks.
TP and TOP showed a seasonal increase during the operational period but returned to near
starting concentrations by the end of the first year of operation.

These data indicate that antecedent soil TP concentrations were responsible for the relatively
high outflow TP concentrations recorded in STC-1 and in some of the other peat-based
mesocosms during the 3- to 5-month startup period. Effects of the release of labile DRP from
the other substrates is also implicated in the observed TP C* values estimated for these
treatment units.

A 2-month batch-mode study was conducted in selected PSTA treatments between January
18 and March 14, 2000. Small aquaria pumps were used to re-circulate water within the tank
to simulate normal operational flow velocities. The purpose of this study was to determine
whether TP concentration in the PSTA water columns would rise or fall after cessation of
inflows and whether these concentrations would level off to some stable value without
pumped inflows. A decline could be interpreted to indicate the dominance of a loading
effect on TP outflow concentration. When loading of new TP is shut off, water column
concentrations could be expected to decline to a new lower equilibrium concentration in
response to a balance between internal loading and removal processes. A rise in TP
concentration to a higher stable concentration could be an indication that inflows are
somehow subsidizing TP removals that offset internal loads.

Exhibit 3-17 illustrates the results of the batch-mode study. TP water column concentrations
rose or remained relatively constant in each of the mesocosms tested.  Increases were gen-
erally in the range of 15 to 50 percent in the Porta-PSTAs that were tested. The STC-1
average water column TP concentration increased by approximately 54 percent. These
results provide a convincing demonstration of the importance of C* in these PSTA meso-
cosms. Under the conditions of this study (first year, peat, shellrock, and sand soils, etc.),
batch mesocosms did not attain TP concentrations less than 10 ppb and typically had values
between 10 and 20 ppb. Increasing TP water column concentrations during the period of
this batch study may indicate that cessation of flow reduced gross P removal processes in



EXHIBIT 3-14
Soil P Concentrations PSTA Peat Treatments During Phase 1
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EXHIBIT 3-15
Soil P Concentrations PSTA Shellrock Treatments During Phase 1
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EXHIBIT 3-16
Soil P Concentrations PSTA Sand Treatments During Phase 1
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Exhibit 3-17
TP Water Column Concentrations During the Batch-Mode Study in Selected PSTA Mesocosms During Phase 1
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the biological communities (possible flow subsidy). The hypothesis that higher flow rates
subsidize TP removal mechanisms in PSTAs will be tested further in Phase 2 through the
use of recirculating Porta-PSTAs and with the larger, field-scale PSTA research cells.

3.4.2 Non-Reactive P Forms
Soils (top 10 cm) and periphyton cores were collected monthly during the Phase 1 research
period and analyzed for TP and TIP. TOP was estimated by difference. Exhibits 3-18 and
3-19 summarize soil and core data, respectively. On a quarterly basis similar samples were
collected to conduct a more detailed fractionation of P forms. This fractionation process
separated the TOP into three fractions of increasing resistance to biological and chemical
transformation: labile (0.5 M NaHCO3 extraction for 16 hours), moderately labile (0.5 M
NaOH extraction for 16 hours), and residual. Periphyton core samples provided insufficient
biomass for this more detailed extraction, so floating and benthic mat periphyton was
sampled instead.

Exhibit 3-18 summarizes these P forms by treatment for the upper soil horizon in the
mesocosms. Average TP in peat soils ranged from approximately 195 to 208 mg/kg in the
Porta-PSTAs and 319 mg/kg in STC-1. In the Porta-PSTAs approximately 114 to 117 mg/kg
of this TP was in inorganic forms (approximately 56 percent). The average TIP in the STC-1
soils was 273 mg/kg (73 percent). Average TOP in these peat soils varied between 79 and
91 mg/kg (approximately 42 percent) in the Porta-PSTAs. The average TOP in STC-1 was
46 mg/kg (14 percent of the TP). When organic P was fractionated in Porta-PSTA peat soils,
the majority of it was in the residual, non-reactive form.

Average TP in the shellrock soils ranged from approximately 941 to 1,044 mg/kg in the
Porta-PSTAs. Average TP in the shellrock Test Cells was lower (831 to 886 mg/kg). This TP
was predominantly in the TIP form (greater than 95 percent). Average TOP concentrations
in these shellrock soils were between 9 and 94 mg/kg. As with the peat soils, the majority of
this TOP was in residual, non-reactive forms.

Average TP in the sand soils was much lower than the other soil types (24 to 29 mg/kg).
This TP was evenly distributed between inorganic and organic forms. From 56 to 94 percent
of this TOP was in residual forms.

Exhibit 3-19 summarizes P forms by treatment for the periphyton samples. Average
periphyton TP ranged from approximately 204 to 1,745 mg/kg in the Porta-PSTAs and 379
to 534 mg/kg in the Test Cells. Average periphyton TP concentrations were typically
highest in the shellrock mesocosms and lower in the peat and sand treatments.

In the peat-based Porta-PSTAs, approximately 79 to 94 mg/kg of this TP was in inorganic
forms (approximately 25 to 32 percent of TP). In the shellrock mesocosms, the periphyton
TIP ranged from 94 to 697 mg/kg (19 to 61 percent of TP). The average periphyton TIP was
between 21 and 25 mg/kg in the sand–based mesocosms (8 to 11 percent of TP).

Average TOP in these periphyton samples varied between 182 and 1,049 mg/kg (39 to
92 percent of TP). The average periphyton TOP in the peat-based mesocosms ranged from
192 to 309 mg/kg (68 to 76 percent of the TP). When organic P was fractionated in the peat-



EXHIBIT 3-18
Average Soil (upper 10 cm) Phosphorus Fractions (mg/kg) in the PSTA Mesocosms During Phase 1

Organic Phosphorus Fractions

Treatment Soil Type TP TIP TOP TP Labile Calcium-Bound Labile
Moderately 

Labile Residual
PP-1 Peat 208 117 91 190 4 75 10 7 43
PP-2 Shellrock 1044 950 94 840 3 887 2 -18 41
PP-3 Peat 203 114 89 229 4 92 13 3 58
PP-4 Shellrock 1015 955 60 833 3 962 1 -19 42
PP-5 Shellrock 985 932 53 1020 2 998 2 -24 36
PP-6 Shellrock 975 966 9 839 2 914 2 -16 50
PP-7 Sand 29 14 15 28 2 4 0 1 15
PP-8 Sand 24 13 11 24 1 3 2 2 5
PP-9 Peat 206 116 90 223 6 85 8 6 53
PP-10 Shellrock 941 932 9 975 4 967 1 -16 43
PP-11 Shellrock 964 940 24 969 3 970 1 -16 35
PP-12 Peat 195 116 79 197 5 120 10 0 54
TC-1 Peat 319 273 46 346 25 189 4 -15 53
TC-2 Shellrock 831 793 38 837 3 781 1 -17 61
TC-3 Shellrock 886 864 23 816 4 807 1 -10 52

Peat 226 147 79 237 9 112 9 0 52
Shellrock 955 916 39 891 3 911 1 -17 45

Sand 26 13 13 26 1 4 1 2 10
All 588 540 49 558 5 524 4 -9 43

Detailed Phosphorus Fractionation (Quarterly)

Routine Soil Cores (Monthly)
Inorganic Phosphorus 

Fractions
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EXHIBIT 3-19
Average Periphyton Mat Phosphorus Fractions (mg/kg) in the PSTA Mesocosms During Phase 1

Organic Phosphorus Fractions

Treatment Soil Type TP TIP TOP TP Labile Calcium-Bound Labile
Moderately 

Labile Residual
PP-1 Peat 271 79 192 251 3 81 96 51 51
PP-2 Shellrock 423 175 247 370 2 268 63 -3 44
PP-3 Peat 382 94 287 288 2 70 161 26 47
PP-4 Shellrock 1277 240 1037 731 1 414 16 -5 39
PP-5 Shellrock 652 176 476 456 2 284 92 11 47
PP-6 Shellrock 589 231 358 539 1 330 39 -4 29
PP-7 Sand 305 25 280 144 1 60 34 14 17
PP-8 Sand 204 21 182 103 1 41 78 38 25
PP-9 Peat 338 101 237 268 3 63 98 5 34
PP10 Shellrock 554 340 214 214 2 54 78 8 25
PP-11 Shellrock 1745 697 1049 813 1 459 48 -12 62
PP-12 Peat 292 93 199 483 4 156 289 -3 92
TC-1 Peat 406 97 309 428 4 137 308 21 105
TC-2 Shellrock 534 182 352 409 2 183 132 33 71
TC-3 Shellrock 379 94 286 656 3 208 196 24 89

Peat 338 93 245 344 3 101 190 20 66
Shellrock 769 267 502 523 2 275 83 7 51

Sand 254 23 231 124 1 51 56 26 21
All 557 176 380 410 2 187 115 14 52

Detailed Phosphorus Fractionation (Quarterly)

Routine Soil Cores (Monthly)
Inorganic Phosphorus 

Fractions

DFB/sect3_exhibits.xls



SECTION 3. PHOSPHORUS REMOVAL PERFORMANCE AND EFFECTIVENESS

DFB\SECTION 3.DOC 3-27

based periphyton, the majority of it was typically in the most labile form (49 to 71 percent),
with approximately 20 to 26 percent in the residual, non-reactive form. In the shellrock
mesocosms the periphyton labile organic P fraction was approximately 32 to 70 percent and
the residual organic fraction was approximately 23 to 78 percent of TOP. The majority of the
periphyton organic P in the sand controls was in the labile form (53 to 55 percent) with a
smaller fraction (18 to 26 percent) in the residual organic P fraction.

3.4.3 P Accretion Rates
Net accretion of P-bearing sediments has been difficult to assess in the PSTA mesocosms
during the Phase 1 period. Benthic periphyton mats have developed in most treatments and
subsequently been lifted by gas bubble formation and re-deposited or stranded at the water
surface as floating mats. Horizon markers have been variably exposed and re-covered by
this periphyton mat movement. Independent assessment of a net accretion rate is nearly
impossible over the time frame of this research, leaving estimation of net losses of P to
differences in water mass loads.

Gross sediment accretion rates can be estimated from sediment trap data. Wet accretion
refers to the unconsolidated settled material. Dry accretion is the oven dry weight of the
trapped material. TP accretion is based on the dry weight times the TP content of the
collected sediment. Exhibit 3-20 summarizes the data from traps incubated twice in the
Porta-PSTAs for approximately 3 months each, during the Phase 1 research. A large
difference in the amount of TP deposited in the traps was observed between treatments,
depending on the type of soil involved. The overall average TP accretion rate was estimated
as approximately 0.59 g TP/m2/yr. This was based on an average wet accretion of
approximately 1.5 cm/yr of sediments. The average rate for the shellrock treatments was
nearly twice as high at 0.95 g TP/m2/yr (2.0 cm/yr). Based on observations, some of this TP
deposition in the shellrock treatments is in the form of shellrock soils that have been lifted
with the benthic periphyton mat and then re-deposited as sediments. The average TP
deposition rate in the peat-based mesocosms was lower (0.14 g/m2/yr), and was much
lower in the sand-based controls (0.04 g/m2/yr). The Aquashade control mesocosms had TP
sedimentation rates approximately equal to the peat-based mesocosms with 0.17 to 0.20 g
TP/m2/yr.

EXHIBIT 3-20
Sediment Trap Data from the Porta-PSTA Mesocosms During Phase 1 Research Period (July - October 1999 and
November 1999 - February 2000)

Treatment

Wet
Accretion

(cm/y)

Dry
Accretion
(g/m2/y)

TP
Accretion
(g/m2/y)

Wet Bulk
Density
(g/cm3)

Dry Bulk
Density
(g/cm3)

Moisture
Content

(%)
TP

(mg/kg)
Ash
(%)

all 1.49 919 0.59 0.90 0.050 94.2 644 62

peat 0.78 242 0.14 0.93 0.029 96.8 653 38

sand 0.82 962 0.04 0.95 0.069 92.7 236 81

shell 2.05 1358 0.95 0.88 0.060 92.8 693 73

1 0.96 390 0.19 1.00 0.039 96.0 484 43
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EXHIBIT 3-20
Sediment Trap Data from the Porta-PSTA Mesocosms During Phase 1 Research Period (July - October 1999 and
November 1999 - February 2000)

Treatment

Wet
Accretion

(cm/y)

Dry
Accretion
(g/m2/y)

TP
Accretion
(g/m2/y)

Wet Bulk
Density
(g/cm3)

Dry Bulk
Density
(g/cm3)

Moisture
Content

(%)
TP

(mg/kg)
Ash
(%)

2 1.46 493 0.22 0.89 0.039 95.6 596 64

3 0.66 155 0.10 0.91 0.024 97.0 621 33

4 4.05 4230 3.13 0.90 0.100 89.3 786 84

5 1.45 512 0.32 0.90 0.041 95.6 688 64

6 0.94 552 0.36 0.86 0.070 91.9 725 72

7 1.48 1858 0.06 1.03 0.096 90.4 19 84

8 0.15 67 0.03 0.87 0.043 95.0 454 78

9 0.49 217 0.17 1.00 0.049 95.1 770 47

10 1.49 219 0.20 0.61 0.015 97.5 908 70

11 3.08 1829 1.37 0.95 0.067 88.9 555 83

12 0.77 111 0.07 0.83 0.014 98.4 897 28

Notes: Gross accretion rates estimated in 14-cm-diameter plastic traps for a 2- to 3-month period.
Values are averages of all replicates within a treatment.

3.4.4 Effects of Snail Grazing
Snails became the dominant grazer organism in a limited subset of the Porta-PSTA meso-
cosms during Phase 1. Snails were not observed to bloom in any of the three PSTA Test
Cells. These snails did not appear to have a consistent effect on average periphyton biomass
measured with cores; however, they did have an apparent effect on the average outflow TP
concentration and on the net TP removal rate k in the Porta-PSTA mesocosms (Exhibit 3-21).
At an average snail density greater than approximately 30 per m2, the long-term outflow TP
concentration was raised by approximately 1 to 5 µg/L. The effect of snail density on
average TP k1 values was consistently detrimental. In Porta-PSTA Treatment 6, the k1 value
was decreased by 30 percent at a snail density of 37 snails/m2 and by 36 percent at a snail
density of 52.3 snails/m2. In Porta-PSTA Treatment 5 k1 was reduced by approximately
11 percent at a snail density of 21.2 snails/m2. Between the two sand controls (with different
depths), a snail density of 93.6 snails/m2  reduced k1 by 52 percent.

The differences in snail density between the Porta-PSTAs appear to have been related to
stochastic effects. Based on a lack of visual observations or counts of fish and birds, it is
assumed that the lack of a snail population explosion in the Test Cells was related to the
ability of larger predators (birds and larger fish) to better manage numbers of snails because
of the mesocosm scale effect. Based on this assumption, it is currently thought that snails are
not likely to be a nuisance at the full-scale. This assumption deserves study and verification.
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EXHIBIT 3-21
Effects of Snail Density on Periphyton Biomass, Average TP Outflow Concentration, and k1 Value

Treatment Soil
Porta-PSTA

Tank

Average Snail
Density
(#/m2)

Average Periphyton
Ash-Free Dry
Weight (g/m2)

Average TP Out
(mg/L) k1 (m/yr)

PP-6 Shellrock 1 37.0 118.8 0.016 8.2

Shellrock 6 52.3 114.9 0.017 7.5

Shellrock 15 0.0 126.4 0.012 11.8

PP-5 Shellrock 2 3.1 141.4 0.016 26.8

Shellrock 13 21.2 109.1 0.017 25.5

Shellrock 16 0.1 177.8 0.016 28.7

PP-7 Sand 19 0.4 143.4 0.015 16.2

PP-8 Sand 20 93.6 189.9 0.016 7.8

Note: Treatments PP-7 and PP-8 are identical except for their water depths: 30 and 60 cm, respectively.

3.5 Summary of PSTA Effectiveness
The long-term effectiveness of PSTAs for P management has not yet been determined.
Phase 1 PSTA research has provided the following findings relevant to effectiveness:

•  Minimum achievable outflow TP concentrations from PSTA mesocosms constructed on
peat, shellrock, and sand soils during the first year of operation were approximately
13 µg/L.

•  TP removal rate constants generally increased following 3 to 5 months after startup to
relatively high levels during the first year of operation.

•  Antecedent soil type and conditions appears to have an effect on performance during
the first year of operation. Labile reactive P in antecedent soils results in reduced
performance and higher TP outflow concentrations. Batch-mode studies indicate that
internal TP loading mechanisms are still active with all types of soils tested even after
1 year of operation. This internal loading probably is responsible for the finding of a
“glass floor” for TP outflow concentrations under the conditions of this Phase 1 PSTA
research period.

•  High TP loading rates may equate to higher TP mass removal rates with a related rise in
average outflow concentrations. This finding indicates that mass load removals could be
maximized if allowable outflow concentration limits can be relaxed.

•  The scale of the PSTA research mesocosms had an effect on observed TP outflow
concentrations and k values. Performance estimates from smaller-scale mesocosms may
be overly optimistic compared to results from full-scale treatment units.



PSTA PHASE 1 SUMMARY REPORT

3-30 DFB/Section 3.doc

•  Increased outflow TP concentrations and variable removal rate constants in the
Aquashade control mesocosms demonstrates the complexity of the details related to P
cycling in these PSTA test units. While high photosynthetic activity may be important
for lowering TP to the lowest achievable concentrations, it may also slightly lower the
net rate of TP mass removal.

•  TP accretion rates are generally comparable to net TP removal rates estimated by inflow-
outflow mass balances. Wet accretion represents approximately 1.5 cm/yr, providing a
preliminary indication that harvesting to remove accumulated sediments would only be
required on an infrequent basis (> 20 years).
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SECTION 4

PSTA Forecast Model Development

4.1 Model Development Goals
A full-scale PSTA, if implemented, is expected to undergo a highly variable hydraulic
loading regime, with significant variation in water depth and velocity. The range of loads
expected exceed those that can be readily tested in Phases 1 and 2 of this project. A
calibrated, validated PSTA performance forecast model will allow the District to close this
gap in experimental conditions and assist in extrapolating from results obtained during the
field experimentation currently underway to potential full-scale operational conditions.

Models span a broad range of data requirements and complexity. Because P removal rates
can be summarized as a simple logarithmic decay (i.e., first-order process) by the use of
inflow/outflow concentrations and hydraulic loading data, and because wetland
performance is tied more closely to surface area than to water volume (Kadlec and Knight,
1996), an area-based model is typically more appropriate than a volumetric first-order
model. Plug-flow hydraulics are typically assumed. For Everglades STA design, currently
preferred models stem from this understanding. Several first-order design models currently
in use have been developed in sequence following the increasing availability of process
information. Over time, these models have become more complex and have acquired names
that facilitate their use and description:

•  “k1” – first-order, area-based removal; a “one-parameter” model

•  “k-C*” – first-order, area-based removal with background “irreducible” concentration; a
“two-parameter” model (Kadlec and Knight, 1996)

•  Everglades Phosphorus Gradient Model – first-order model with soil storage of P
(Kadlec and Walker, 1997)

•  Dynamic Model for Stormwater Treatment Areas (DMSTA) – a first-order model that
utilizes separate rate coefficients for settling, resuspension, and long-term storage in
soils; a “four-parameter model” (Walker and Kadlec, 2000).

•  “Level 2” PSTA Model – a first-order model with multiple compartments proposed as
the first approach to developing a PSTA forecast model (Kadlec, 1998).

The preliminary model being developed for the PSTA project is seen as an intermediate
level of complexity between a dynamic ecosystem model and the first-order models listed
above. The model, which builds on the earlier work by Kadlec (1996a and 1996b, and Kadlec
and Walker, 1996 – the Biomachine Model), includes reduced complexity, and can be
simulated at this early stage of research with available data. Results of the initial calibration
of this model are provided in this report as Appendix F.
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4.2 PSTA Applications for the k1, k-C*, and DMSTA Models
The k1 and k-C* models have been calibrated using the results of the Phase 1 PSTA
mesocosm studies. The k1 model, described earlier in Section 3 (see Equation 3-1), yielded
first-order removal rates ranging up to 27 m/yr, depending upon the experimental
treatment and operational period. Future activities in the application of this model toward
the PSTA project include continued analysis of results collected during Phase 2 from the
Porta-PSTA mesocosms and Test Cells, as well as application to the data collected from the
Phase 2 field-scale cells.

A second parameter representing the lowest achievable or irreducible concentration (C*)
likely to occur in a treatment wetland was included in the first-order, area-based plug flow
model, and termed the k-C* model. Preliminary calibration of the k-C* model in Section 3
during Phase 1 indicated that C*TP values ranged from 11 to 15 µg/L. First-order k values in
the PSTA Test Cells ranged from 4.4 to 26.3 m/yr, and the estimated k values in the Porta-
PSTAs were generally higher, ranging from 8.6 to 89.3 m/yr.

First-order k-C* models will be developed for all Porta-PSTA and Test Cell mesocosms
using data collected Phase 2. Estimates of C* and temperature correction factors will be
developed, and then used to calculate first-order rate constants. First-order k-C* models will
also be fit to the data from the Phase 2 field-scale mesocosms.

From these and other analyses presented in this report, sediment-water interactions can be
seen to strongly influence background C* values. Models that describe and predict the
internal and external loading of TP are expected to provide the greatest utility in long-term
planning and design. This need, as well as the need to assess system performance under
highly variable hydraulic inflows, has led to the development of DMSTA (Walker and
Kadlec, 2000). This model tracks P in the water column, a combined storage of sediment and
biota (S), and irreversible sediment burial (g), and allows estimation of first-order removal
rates (ka and kV), resuspension (ks), and system influx and efflux. This model offers
potential application to the PSTA project, and preliminary data sets have been provided to
the model developers for their use in calibration. Development of a “DM-PSTA” model by
others is expected to continue during Phase 2, and the results of the PSTA project will be
forwarded to model developers as they become available.

4.3 PSTA Forecast Model Development
The PSTA Forecast Model currently in development is intended to include all the principal
P flows and storages that are likely to be relevant to full-scale PSTA design and
performance. This model will be continually modified as data are collected, calibrated, and
validated with data sets from all three phases of the project, and will serve as the basis for
assessing full-scale PSTA implementation and determining whether this technology is
capable of achieving EFA goals.

A preliminary calibration based upon Phase 1 results is provided in Appendix F, “PSTA
Forecast Model”. Porta-PSTA Treatment PP-4 and Test Cell STC-2 were used as examples
most analogous to the type of PSTA systems currently envisioned.
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This model defines the quantifiable P forms and rate coefficients in the PSTA system
deemed most critical, with additional detail introduced by compartmentalizing the DP in
the water column into reactive and organic (assumed unavailable) P compartments. The
model breaks the periphyton system into three overall components:

•  The water column
•  An active periphyton mat/sediment component (N – active biomass)
•  An inactive sediment component (R – the inactive residuals)

The mass for each of these three components is tracked, as is the P fraction or concentration
of that component. The model appears to track observed inputs and outputs reasonably
well, although trends during startup in algal biomass development are not consistently
well-reproduced. PSTA model development efforts during Phase 2 are expected to include
the following modifications:

•  Inclusion of external forcing functions to provide the best understanding of processes
that control the natural periphyton/ limestone-based treatment system, including
sunlight (seasonally variable), rainfall (both direct and through stormwater inputs), and
wind and atmospheric inputs/outputs (evapotranspiration, diffusion of oxygen and
carbon dioxide, physical mixing, resuspension, plant and animal migration, and
atmospheric pollutant loads).

•  Simplification of the model to require only TP data.

•  Addition of a more dynamic water balance with stage-storage relationships.

•  Consideration of human management influences (construction of landform, water
pumping and depth control, sediment removal, maintenance, and related actions).
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SECTION 5

PSTA Phase 2 Research Issues

5.1 Introduction
The PSTA Phase 1 results hold promise that a constructed, periphyton-dominated wetland
treatment system can provide a relatively high level of TP removal, even at low TP input
concentrations. Other research has indicated that some emergent macrophyte and
submerged aquatic vegetation wetland treatment systems cannot maintain their ecological
integrity at these low influent TP levels (DBEL, 1999). A periphyton-dominated treatment
wetland may be the only “natural” option available that will survive at low TP inlet
concentrations (less than 20 µg/L).

Several possible constraints for the PSTA concept have been identified during Phase 1.
These include the following:

•  Phase 1 data analysis indicated that the PSTA design used in this research (peat,
shellrock, or sand soils) was not able to achieve monthly average TP outflow concen-
trations of less than 9 µg/L within the first year of operation. The lowest monthly
treatment averages were 11 µg/L on shellrock soils and 12 µg/L on peat soils.

•  Emergent macrophyte density overwhelms periphyton dominance on peat soils.
Macrophyte colonization rate is probably dependent upon antecedent soil conditions,
nutrient content, and seedbank composition.

•  Variable water inflow rates and levels resulted in lower TP removal performance and
higher outflow TP concentrations at the Test Cell mesocosm scale.

•  Presence of uncontrolled grazer populations (snails) leads to higher TP outflow
concentrations and reduced mass removals.

The Phase 2 research and demonstration plan has been developed to address some of these
issues and to replicate the best mesocosm results at the field-scale. Some of the existing
PSTA mesocosm treatments are being continued for varying lengths of time to fully
document the annual cycle of PSTA performance after the initial 4 to 5 months of startup.
New treatments are being added to investigate:

•  Whether peat soils can be used with a higher level of management, such as the use of
chemical amendments and herbicide applications.

•  Whether limerock holds greater promise than shellrock for the lowest achievable TP
outflow concentrations and highest periphyton colonization rates.

•  Whether higher flow velocities provide a subsidy or a stress in terms of increased P
removal rates and periphyton TP export.

•  The effects of complete dryout and re-wetting on PSTA performance at the Test Cell
research scale.
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Several general conclusions have been reached as a result of the ongoing PSTA research
project:

•  Peat soils are conducive to rapid colonization by emergent macrophytes, including
invasive cattails. Cattail seeds in these soils easily germinate under 60 cm of continuous
flooding. Subsequent vegetative propagation of cattails as well as planted spike rush
and volunteer submerged aquatics results in macrophyte dominance in peat-based test
systems in less than 1 year. In the Porta-PSTAs it was demonstrated that emergent plant
growth is even more rapid at a continuous 30 cm depth than at 60 cm. In addition to
their susceptibility to macrophyte invasion, the Test Cell and Porta-PSTAs with peat
soils were not able to reduce TP concentrations below a long-term average of 16 to
19 µg/L during a period of rapid macrophyte colonization with high nutrient uptake.
For these reasons, it has been concluded that PSTAs on un-amended agricultural peat
soils are not a viable line of continuing research. Peat soils amended with lime might be
a profitable line of further research (Ann et al., 2000).

•  Shellrock Test Cells and mesocosms have been able to attain slightly lower TP outflow
concentrations than peat systems. Long-term average TP outflow concentrations for the
best shellrock Porta-PSTA treatments including startup were between 17 and 21 µg/L.
Long-term average outflow TP concentrations following startup in the shellrock Test
Cell with constant water depth was 13 µg/L.

•  Aquashade controls are not an effective research tool in the Porta-PSTAs because of the
ability of periphyton and filamentous algae to grow at very low light intensities on the
walls and near the top of the water column.

•  All of the soils tested in the PSTA research (agricultural peat, shellrock, and sand)
contribute TP to the water column, resulting in ambient or background water concen-
trations of typically more than 10 µg/L. It is necessary to further define this background
water column TP after more than 1 year of colonization to determine if it declines as
soils are sealed off from the water column through new soil accretion. It is also advisable
to test lime rock, a substrate that has been shown in other research to be able to attain a
TP less than 10 µg/L, and the absence of a substrate as a non-soil control (DBEL, 1999).

•  The 60 cm continuous water depth regime does not appear to be any more effective for
achieving low outflow TP concentrations than the 30 cm treatment. The 30 cm treatment
allowed faster colonization by benthic-derived periphyton because of light attenuation
effects of deeper water and appears to be closer to the desired mode of PSTA operation.
For these reasons, a focus on the 60 cm water depth should be changed to the 30 cm
water depth.

•  A test of the effects of higher linear flow velocities is important at this research scale as
well as at the field scale. High velocity, re-circulating Porta-PSTAs offer an opportunity
to test this effect at a replicated research scale. Larger field-scale units allow testing of
velocity effects without the need for re-circulation.

These preliminary conclusions were used to develop the Phase 2 PSTA research plan
described in the following section.
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5.2 Phase 2 Porta-PSTA Research Plan Summary
Based on the results of Phase 1 and comments from the Scientific Review Panel meeting in
December 1999, a number of changes were made to the Phase 2 PSTA research in the Porta-
PSTA treatments. These changes are summarized in Exhibit 5-1 and are described below:

PP-1
•  On March 16, 2000, PP-1 was converted to PP-13 (see below)

 PP-2
•  On March 16, 2000, PP-2 was converted to PP-14 (see below)

 PP-3
•  Continue routine monitoring schedule with no changes until September 30, 2000

 PP-4
•  Continue routine monitoring schedule with no changes until September 30, 2000

 PP-5
•  On March 16, 2000, PP-5 was converted to PP-15 (see below)

 PP-6
•  On March 16, 2000. PP-6 was converted to PP-16 (see below)

 PP-7
•  Continue routine monitoring schedule with no changes until September 30, 2000

 PP-8
•  On March 16, 2000, PP-8 was converted to PP-17 (see below)

 PP-9
•  On March 16, 2000, PP-9 was converted to PP-18 (see below)

 PP-10
•  On March 16, 2000, PP-10 was converted to PP-19 (see below)

 PP-11
•  Continue routine monitoring schedule with no changes until September 30, 2000

 PP-12
•  Continue routine monitoring schedule with no changes until September 30, 2000



EXHIBIT 5-4

Porta-PSTA Treatments for Phase 1 and 2
Phase 2 Treatments Phase 1 Treatments

Phase 2 
Treatment Substrate

Water 
Depth 
(cm)

Velocity 
(cm/s)

HLR 
(cm/d)

Phase 1 
Treatment

Sub-
strate

Aqua-
shade

Water 
Depth 
(cm)

HLR 
(cm/d) Width (m) PP Tank #

13a PE-CA 30 0.0014 6 1a PE no 60 6 1 9
13b PE-CA 30 0.0014 6 1b PE no 60 6 1 11
13c PE-CA 30 0.0014 6 1c PE no 60 6 1 18 Porta-PSTA Tank # - Phase 1/Phase 2
14a LR 30 0.0014 6 2a  SR no 60 6 1 7
14b LR 30 0.0014 6 2b  SR no 60 6 1 4
14c LR 30 0.0014 6 2c  SR no 60 6 1 8
3a PE 30 0.0014 6 3a PE no 30 6 1 17
3b PE 30 0.0014 6 3b PE no 30 6 1 14
3c PE 30 0.0014 6 3c PE no 30 6 1 12
4a  SR 30 0.0014 6 4a  SR no 30 6 1 10
4b  SR 30 0.0014 6 4b  SR no 30 6 1 5
4c  SR 30 0.0014 6 4c  SR no 30 6 1 3

15a  SR 30 0.5000 6 5a  SR no 60 12 1 16
15b  SR 30 0.5000 6 5b  SR no 60 12 1 2
15c  SR 30 0.5000 6 5c  SR no 60 12 1 13
16a  SR 0-30 0.0014 6 6a  SR no 0-60 6 1 6
16b  SR 0-30 0.0014 6 6b  SR no 0-60 6 1 15
16c  SR 0-30 0.0014 6 6c  SR no 0-60 6 1 1

7  SA 30 0.0014 6 7  SA no 60 6 1 19
17  SA-R 30 0.0014 6 8  SA no 60 6 1 20
18 NS 30 0.0014 6 9  PE yes 60 6 1 21
19 SY 30 0.0014 6 10  SR yes 60 6 1 22
11  SR 30 0.0014 6 11  SR no 30 6 3 23
12  PE 30 0.0014 6 12  PE no 30 6 3 24

PE = peat SR = shellrock NS = no substrate
PE-CA = peat amended with lime SA = sand SY = synthetic
LR = limerock SA-R = HCl-rinsed sand

Phase 2 Treatments Phase 1 Treatments

Phase 2 
Treatment Substrate

Water 
Depth 
(cm)

Velocity 
(cm/s)

HLR 
(cm/d)

Phase 1 
Treatment

Sub-
strate

Aqua-
shade

Water 
Depth 
(cm)

HLR 
(cm/d) Width (m) PP Tank #

16c  SR 0-30 0.0014 6 6c  SR no 0-60 6 1 1
15b  SR 30 0.5000 6 5b  SR no 60 12 1 2
4c  SR 30 0.0014 6 4c  SR no 30 6 1 3

14b LR 30 0.0014 6 2b  SR no 60 6 1 4
4b  SR 30 0.0014 6 4b  SR no 30 6 1 5

16a  SR 0-30 0.0014 6 6a  SR no 0-60 6 1 6
14a LR 30 0.0014 6 2a  SR no 60 6 1 7
14c LR 30 0.0014 6 2c  SR no 60 6 1 8
13a PE-CA 30 0.0014 6 1a PE no 60 6 1 9
4a  SR 30 0.0014 6 4a  SR no 30 6 1 10
13b PE-CA 30 0.0014 6 1b PE no 60 6 1 11
3c PE 30 0.0014 6 3c PE no 30 6 1 12

15c  SR 30 0.5000 6 5c  SR no 60 12 1 13
3b PE 30 0.0014 6 3b PE no 30 6 1 14

16b  SR 0-30 0.0014 6 6b  SR no 0-60 6 1 15
15a  SR 30 0.5000 6 5a  SR no 60 12 1 16
3a PE 30 0.0014 6 3a PE no 30 6 1 17
13c PE-CA 30 0.0014 6 1c PE no 60 6 1 18

7  SA 30 0.0014 6 7  SA no 60 6 1 19
17  SA-R 30 0.0014 6 8  SA no 60 6 1 20
18 NS 30 0.0014 6 9  PE yes 60 6 1 21
19 SY 30 0.0014 6 10  SR yes 60 6 1 22
11  SR 30 0.0014 6 11  SR no 30 6 3 23
12  PE 30 0.0014 6 12  PE no 30 6 3 24

PP #15 - 6/16b

PP #14 - 3b

PP #13 - 5/15c

PP #12 - 3c

PP #11 - 1/13b

PP #10 - 4a

PP #9 - 1/13a

PP #8 - 2/14c

PP #7 - 2/14a

PP #6 - 6/16a

PP #5 - 4b

PP #4 - 2/14b

PP #3 - 4c

PP #2 - 5/15b

PP #1 - 6/16c PP #16 - 5/15a

PP #17 - 3a

PP #18 - 1/13c

PP #19 - 7

PP #20 - 8/17

PP #21 - 9/18

PP #22 - 10/19

PP #23 - 11

PP #24 - 12

DFB/15714.xls
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PP-13 (formerly PP-1)
•  Beginning on March 16, 2000, drain tanks and harvest spike rush for re-planting;

herbicide remaining macrophytic plants; amend peat with lime (6.3 metric tonnes per
hectare [mt/ha]); replant with spike rush; re-flood to 30 cm depth; add WCA-2A
periphyton and bladderwort mix

•  Re-start operation at approximately 6 cm/d HLR

•  On April 17, 2000, resume normal monitoring schedule until September 30, 2000

PP-14 (formerly PP-2)
•  On March 16, 2000, drain tanks and harvest spike rush for re-planting; remove shellrock

and rinse tanks with dilute HCl and water; fill with 20 cm of washed limerock; replant
and re-flood to 30 cm; add WCA-2A periphyton and bladderwort mix

•  Re-start operation at approximately 6 cm/d HLR

•  On April 17, 2000, resume normal monitoring schedule until September 30, 2000

PP-15 (formerly PP-5)
•  Beginning on March 16, 2000, reduce HLR to approximately 6 cm/d and lower depth to

30 cm

•  Install re-circulation pumps (1.5 L/s [24 gpm]) to maintain internal velocity at
approximately 0.5 cm/d

•  On April 17, 2000, resume normal monitoring schedule until September 30, 2000

PP-16 (formerly PP-6)
•  On March 16, 2000, begin new water regime described in Exhibit 5-2 with water depth

fluctuation between 0 and 30 cm

•  Continue routine monitoring schedule until September 2000

PP-17 (formerly PP-8)
•  Beginning on March 16, 2000, drain tank and harvest spike rush for re-planting;

thoroughly wash sand with dilute HCl to remove available P; drain and rinse tank with
water; replant and re-flood to 30 cm; add WCA-2A periphyton and bladderwort mix

•  Re-start operation at approximately 6 cm/d HLR

•  On April 17, 2000, resume normal monitoring schedule until September 30, 2000

PP-18 (formerly PP-9)
•  Beginning on March 16, 2000, drain tank to remove Aquashade; remove all substrate;

rinse tank with dilute HCl and water; re-flood to 30 cm; add WCA-2A periphyton and
bladderwort mix

•  Re-start operation at approximately 6 cm/d HLR



EXHIBIT 4-2
PSTA Test Cell Treatments for Phase 1 and 2

Phase 2 Treatments Phase 1 Treatments

Phase 2 
Treatment Substrate

Water 
Depth 
(cm)

HLR 
(cm/d)

Phase 1 
Treat-
ment Substrate

Water 
Depth 
(cm)

HLR 
(cm/d) TC # Test Cell # - Phase 1/Phase 2 Treatments

4 PE-CA 30 6 1 PE 60 6 13

5  SR 30 6 2  SR 60 6 8

6 SR 0-30 0-12 3 SR 0-60 0-12 3

PE = peat
PE-CA = peat amended with lime
SR = shellrock

Phase 2 Treatments Phase 1 Treatments

Phase 2 
Treatment Substrate

Water 
Depth 
(cm)

HLR 
(cm/d)

Phase 1 
Treat-
ment Substrate

Water 
Depth 
(cm)

HLR 
(cm/d) TC #

6 SR 0-30 0-12 3 SR 0-60 0-12 3

5  SR 30 6 2  SR 60 6 8

4 PE-CA 30 6 1 PE 60 6 13

Test Cell
#3 - 3/6

Test Cell
#8 - 2/5

Test Cell 
#13 - 1/4

DFB/15714.xls
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•  On April 17, 2000, resume normal monitoring schedule until September 30, 2000

PP-19 (formerly PP-10)
•  Beginning on March 16, 2000, drain tank to remove Aquashade; remove all substrate;

rinse tank with dilute HCl and water; re-flood to 30 cm; add synthetic substrate (e.g.,
AquamatTM); add WCA-2A periphyton only

•  Re-start operation at approximately 6 cm/d HLR

•  On April 17, 2000, resume normal monitoring schedule until September 30, 2000

These Phase 2 treatment changes were instigated to provide the following information:

•  All 60 cm water depths were converted to 30 cm or less to encourage improved
periphyton growth and better contact between the water and the benthic periphyton.

•  Continued operation of PP-3, PP-4, PP-7, PP-11, and PP-12 with no operational changes
provides a continuous 18-month operational period (12-month post startup period) with
all soil types and at both depth:width ratios. These data are important for interpretation
of the effect of seasonality/succession upon the original treatments.

•  Converting PP-5 (new PP-15) to high recycle (0.5 cm/s velocity) with operation at 6
cm/d allows replicated quantification of this important full-scale design parameter on
performance.

•  Changed water regime in PP-6 (new PP-16) allows measurement of effects of complete
dryout/re-flooding.

•  Amending peat soils with lime in PP-1 (new PP-13) provides replicated quantification of
this relatively low-cost fix on TP removal rates and background outflow concentrations.

•  Replacing shellrock with limerock in PP-2 (new PP-14) allows a replicated test of the
effect of this promising PSTA substrate as observed in SAV raceway experiments (DBEL,
1999).

•  Washing sand in PP-8 (new PP-17) with dilute HCl provides a better test of having a soil
with no available SRP bleed-back.

•  Establishing a tank with no soil but with periphyton (formerly PP-9, new PP-18)
provides a better test of the effect of soil on TP bleed-back.

•  Establishing a tank with no soil and with inert substrate but no macrophytes (formerly
PP-10, new PP-19) allows a test of biologically inert substrate for periphyton growth.

5.3 Phase 2 PSTA Test Cell Research Plan Summary
The following changes, summarized in Exhibit 5-2, were made in the PSTA Test Cell
treatments:
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STC-4 (formerly STC-1)
•  Beginning on March 7, 2000, this cell was drained and all macrophytes were killed with

two herbicide applications and removed by hand. Soils were amended with lime
(6.3 mt/ha) and the cell was replanted with spike rush and re-flooded to 30 cm depth on
April 7, 2000. WCA-2A periphyton and bladderwort mix was added on April 12, 2000.

•  Operation was re-started at approximately 6 cm/d HLR and the normal monitoring
schedule was resumed on April 17, 2000. This Test Cell will be operated and monitored
until February 14, 2001.

STC-5 (formerly STC-2)
•  On January 13, 2000, the water depth was reduced to 30 cm with no other operational

changes.

•  Continue normal operation and monitoring schedule until February 14, 2001.

STC-6 (formerly STC-3)
•  The water regime schedule was been changed (see Exhibit 5-2) to allow complete dry-

out and average water depth of 15 cm; two dry-outs with subsequent re-flooding are
planned during 2000 (March 16 through May 10 and September 28 through
November 23).

•  Continue normal operation and monitoring schedule until February 14, 2001.

These Phase 2 PSTA research changes are expected to provide the following information:

•  All 60 cm water depths have been converted to 30 cm or less to encourage improved
periphyton growth and better contact between the surface water and the benthic
periphyton mat.

•  Amendment of peat soils in STC-4 with lime allows a large-scale test of the effect of this
potentially cost-effective treatment on P retention.

•  Changed water regime in STC-6 provides documentation of the effects of complete
dryout/re-flooding twice during the next year of operation.

•  Continued operation of STC-5 with no operational changes other than depth decrease is
important for interpretation of the effect of seasonality/succession upon original
treatments for a 2-year operational period.

5.4 Phase 2 PSTA Field-Scale Research Plan Summary
5.4.1 Field-Scale Design
Planning has been underway to develop a field-scale PSTA testing and demonstration
system since project startup in August 1998. The original proposed site for the Field PSTA
was located in the STA-3/4 footprint west of U.S. 27 and just north of WCA-3A. Site-specific
studies and scheduling constraints with District leases determined that a better location for
the Field PSTA project would be just west of STA-2 and east of the Miami Canal and U.S. 27.
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The field-scale PSTA research and demonstration project was designed in the late winter
and spring of 2000 by the District, with technical input from the CH2M HILL PSTA team.
The final design includes a total wetted PSTA area of approximately 15 acres divided into
three 5-acre PSTA cells. Exhibit 5-3 provides a plan view of the Field PSTA that is under
construction at the time this report is being prepared. Construction is expected to be
complete by August 2000 and operation will start soon after.

As illustrated in Exhibit 5-3, the three Field PSTAs have differing design criteria. These
design criteria can be summarized as follows:

•  Cell 1:  5 acres with a length:width ratio of 5:1 (length = 1,040 ft, width = 200 ft); limerock
fill over peat soils; single inlet and outlet points in transverse deep water zones; inlet
pumping capacity of approximately 450 gpm; outlet variable height weir with flow by
gravity; embankments 4.5 ft above grade with 2:1 (horizontal:vertical) limerock slopes;
planted with low density of spike rush and periphyton/bladderwort mix

•  Cell 2:  5 acres with a length:width ratio of 45:1 (length = 3,120 ft, width = 70 ft); limerock
fill over peat soils; single inlet and outlet points in transverse deep water zones; inlet
pumping capacity of 450 gpm; outlet variable height weir with flow by gravity;
embankments 4.5 ft above grade with 2:1 limerock slopes; planted with low density of
spike rush and periphyton/bladderwort mix

•  Cell 3:  5 acres with a length:width ratio of 5:1 (length = 1,040 ft, width = 200 ft); peat
soils excavated to caprock; single inlet and outlet points in transverse deep water zones;
inlet pumping capacity of 450 gpm; outlet variable height weir with flow pumped up to
1,000 gpm; embankments 4.5 ft above grade with 2:1 limerock slopes; planted with low
density of spike rush and periphyton/bladderwort mix

Cell 1 is bounded on the east by the west STA-2 seepage control canal that serves as the
source of water for the PSTA cells. Lateral canals along the south and north sides of the
PSTA cells provide the water source and outlet, respectively. A seepage control canal is also
included between Cells 2 and 3 to control seepage between these cells with widely different
water stages.

5.4.2 Field-Scale Research Plan
Exhibit 5-4 presents a summary of the proposed field-scale PSTA research sampling plan.
This exhibit is presented in the same format as the sampling plans for the Porta-PSTAs and
Test Cells presented earlier (CH2M HILL, 1999). All of the methods proposed for the Field
PSTA monitoring are the same as those currently being used in the PSTA research, with
minor exceptions. These exceptions include:

•  Water stage is monitored by use of low-cost continuous water level recorders (i.e., RDS
WL-40 or equivalent).

•  Periphyton sampling methods may need to be revised based on the irregular soil surface
expected in these cells.

•  Sediment accretion will be measured with horizon markers and removable sediment
traps such as the ones currently being used in the Porta-PSTAs.
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EXHIBIT 5-3
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EXHIBIT 5-4

Sample Frequency Number of Samples

Parameter

Sampling 
Period 
(years) C
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d 
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flo

w

1/3 2/3 O
ut

flo
w

Field QC Total
Field Sampling
Flow 1.0 C(I) C(I) NS NS C(I) 0 0 0
Water Stage 1.0 C(I) C(I) NS NS C(I) 0 0 0
Water temperature 1.0 C(I) W W W W 624 0 624
Dissolved oxygen 1.0 C(I) W W W W 624 0 624
pH 1.0 C(I) W W W W 624 0 624
Conductivity 1.0 C(I) W W W W 624 0 624
 PAR 1.0 NS NS W W NS 312 0 312
Water Quality Analyses
Phosphorus (P) Series
   Total P 1.0 NS W M M W 384 77 461
   Dissolved Reactive P 1.0 NS W M M W 384 77 461
   Total Dissolved P 1.0 NS W M M W 384 77 461
Nitrogen (N) Series
   Total N 1.0 NS M Q Q M 96 19 115
   Ammonia N 1.0 NS M Q Q M 96 19 115
   Total kjeldahl N 1.0 NS M Q Q M 96 19 115
   Nitrate+nitrite N 1.0 NS M Q Q M 96 19 115
Total organic carbon 1.0 NS M Q Q M 96 19 115
Total suspended solids 1.0 NS W M M W 384 77 461
Calcium 1.0 NS M Q Q M 96 19 115
Alkalinity 1.0 NS M Q Q M 96 19 115
Biological Analyses
Periphyton Cover 1.0 NS M 36 0 36
Macrophyte Cover 1.0 NS M 36 0 36
Periphyton Dominant Species 1.0 NS NS M M NS 72 0 72
Biomass (AFDW) 1.0 NS NS M M NS 72 14 86
Calcium 1.0 NS NS M M NS 72 14 86
Cholorophyll a, b,c, phaeophytin 1.0 NS NS M M NS 72 14 86
Phosphorus (P) Series
   Total P 1.0 NS NS M M NS 72 14 86
   Total Inorganic P 1.0 NS NS M M NS 72 14 86
   Non-reactive P 1.0 NS NS M M NS 72 14 86
Total kjeldahl N 1.0 NS NS M M NS 72 14 86
Sediments
Phosphorus (P) Series
   Total P 1.0 NS NS M M NS 72 14 86
   Total Inorganic P 1.0 NS NS M M NS 72 14 86
   Non-reactive P 1.0 NS NS M M NS 72 14 86
Phosphorus Sorption/Desorption 1.0 NS A 3 0 3
Total kjeldahl N 1.0 NS NS M M NS 72 14 86
Total organic carbon 1.0 NS NS M M NS 72 14 86
Bulk density 1.0 NS NS M M NS 72 14 86
Solids (percent) 1.0 NS NS M M NS 72 14 86
Accretion (3 replicate sediment traps) 1.0 NS NS Q Q NS 24 5 29
System-Level Parameters
Gross primary productivity 1.0 NS C(I) 0 0 0
Net primary productivity 1.0 NS C(I) 0 0 0
Community respiration 1.0 NS C(I) 0 0 0
Standard of Comparison Sampling 
Sulfate 1.0 NS F NS NS F 30 6 36
Dissolved ions/metals (Al, Fe, Ca, Mg, K, Si, Na, 
Cl) 1.0 NS F NS NS F 30 6 36
Turbidity 1.0 NS F NS NS F 30 6 36
Mercury (methylated) 1.0 NS (D) NS NS (D) 0 0 0
Algal growth potential and chronic toxicity - 
Selenastrum 1.0 NS A NS NS A 6 1 7
Chronic toxicity - Cyprinella 1.0 NS A NS NS A 6 1 7
Chronic toxicity - Ceriodaphnia 1.0 NS A NS NS A 6 1 7
Totals 6303 670 6973
Notes:  
Assumes number of mesocosms = 3
Assumes sampling period (years) = 1
W = weekly
M = monthly
Q = quarterly
A = annually
(D) = sampled by District
C(I) = continuous with instrument
NS = not sampled

PSTA Field-Scale Sampling Plan Summary

DFB/15714.xls
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•  “Standards of Comparison” samples will be collected and analyzed five times during
this research period.

Proposed sampling frequency for many of the parameters listed in Exhibit 5-4 is greater
than in the current research at the Porta-PSTAs and Test Cells. This greater proposed
frequency is warranted based on the magnitude of this demonstration project. These
experiments cannot be as easily re-run as those at the smaller scale, and the detailed
findings related to the PSTA research hypotheses must be provided in the Phase 2 project.

Exhibit 5-3 provides a schematic plan view of the proposed Phase 2 facility with proposed
monitoring locations. Structures to facilitate monitoring access and ease were included in
the final design (i.e., all-weather roads, trails, and boardwalks).

5.5 Phase 2 Summary
Phase 2 of the PSTA Research and Demonstration project will provide a large-scale
demonstration of the PSTA concept. Results from ongoing monitoring in the Porta-PSTAs
and in the PSTA Test Cells, combined with first-year results from the Field PSTAs, will be
the principal quantitative basis for assessing the cost-effectiveness of periphyton-dominated
treatment systems as part of the Everglades Construction Program (ECP).

This Phase 2 period will provide additional information about:

•  The effects of research scale on PSTA performance

•  The effects of realistic flow velocities on TP removal and periphyton community
development

•  The effects of limerock soils on P removal performance

•  The cost of utilizing limerock soils on a large scale

•  The effects of soil amendments and herbicide application on use of peat soils for PSTA
development

•  The effects of complete dryout and high flows on performance

Every possible operational scenario will not be tested during the PSTA Phase 2 research
period. For example, it will not be possible to determine how performance is affected by
varying inlet loads of water and phosphorus. This research will not be conducted for a long
enough time period to demonstrate long-term sustainable removal rates and infrequent
operation and maintenance requirements. While the proposed Phase 2 research will provide
some information concerning these important considerations, it will not be able to answer
all remaining questions important for alternative analysis and final design. Forecast model-
ing will provide a method to estimate some of these effects. Assuming that TP removal
performance continues to be favorable, plans should be made to continue PSTA research to
address specific design issues at the appropriate scale in the Porta-PSTAs, Test Cells, or
Field PSTAs. By extending beneficial lines of research beyond the Phase 2 period, critical
design information may be available in time to make critical decisions during the latter
stages of the ECP.
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APPENDIX A

Meteorological Data

A.1 Solar Radiation
Solar radiation is being continuously monitored by CH2M HILL at the South ENR STRC
using a pyranometer and phostosynthetically active radiation (PAR) quantum sensor
mounted above the constant-head water tank. Exhibits A-1 and A-2 illustrate total solar
radiation and PAR, respectively, at this site for the study POR. PAR and total insolation
monitored during Phase 1 averaged 32.00 Einstein per square meter per day (E/m2/d) and
17.95 megajoules per square meter per day (MJ/m2/d), respectively. Total insolation and
PAR were lower during November 1999 – January 2000, than in any other period since
operational monitoring began in February 1999.

EXHIBIT A-1
Total Solar Radiation Measured at the South ENR STRC

EXHIBIT A-2
Photosynthetically Active Radiation Measured at the South ENR STRC
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A.2 Air Temperature
On May 29, 1999, CH2M HILL initiated continuous monitoring of air temperature at the
South ENR STRC. An air temperature probe is mounted above the constant-head water tank
along with the solar radiation equipment. Air temperature averaged between 8.0 and
30.1 degrees Celsius (oC) during the Phase 1 study period. Exhibit A-3 presents average air
temperatures recorded at the South ENR STRC during Phase 1.

A.3 Rainfall
Daily rainfall data were provided by the District. Exhibit A-4 illustrates daily total rainfall at
the ENR Rainfall Station ENR301 for the February 1999 through March 2000 study period.
Rainfall during Phase 1 totaled 57.89 inches. Rainfall in October 1999 was higher than in any
other month since operational monitoring began in February 1999.

A.4 Evapotranspiration
Daily evapotranspiration (ET) data were provided by the District. Exhibit A-5 illustrates
daily total ET at the ENR Evapotranspiration Station ENRP for the February through March
2000 study period. Estimated ET during this period totaled 58.81 inches.



EXHIBIT A-3
Average Daily Air Temperature Data at the South ENR STRC DFB/003673460/SET1525.XLS
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EXHIBIT A-4
Daily Rainfall Data at the ENR Rainfall Station ENR301 DFB/003673460/SET1525.XLS
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APPENDIX B

ENR PSTA Test Cells

B.1 PSTA Treatments at the ENR South Test Cells
Exhibit B-1 provides a summary of the three experimental treatments examined at the South
ENR PSTA Test Cells during Phase 1 (February 1999 to March 2000).

EXHIBIT B-1
Experimental Treatments in the ENR PSTA Test Cells

Treatment Substrate Periphyton Macrophytes
Water Depth

(cm)
HLR

(cm/d)
#

Replicates Study Period

1 (Cell 13) Peat Yes Yes 60 6 1 Feb. 99 – Dec. 99

1B (Cell 13) Peat Yes Yes 60 0 1 Jan. 00 – March 00

2 (Cell 8) Shellrock Yes Yes 60 6 1 Feb. 99 – March 00

3 (Cell 3) Shellrock Yes Yes 0–60 6 1 Feb. 99 – March 00

B = Batch mode; the data are presented in Appendix D.

B.2 Water Regime
The PSTA water regime includes the components of water depth fluctuations, HLR, and
water mass balance. Continuous water level recorders were installed by the District at the
upstream and downstream ends of each of the ENR Test Cells during the 4th quarter of 1999.
Exhibit B-2 summarizes the PSTA Test Cell water depth and mass balance data for Phase 1.
Water depth, inflow, outflow, and HLR trend charts by month are presented in Appendix I.

B.2.1 Water Depth
Water level measurements in the PSTA Test Cells were recorded at the District staff gauge
near the outflow of each Test Cell. Water depth was directly measured along the internal
boardwalks located at the one-third and two-third points in each cell. Staff gauge and water
depth readings were generally collected at least twice each week.

Exhibit B-2 summarizes the average water depths by month since test cell operation started
in February 1999. Water depth in Test Cells 8 and 13 generally ranged from 0.61 to 0.68 m
since March 1999. Inflows to Test Cell 13 were stopped on January 13, 2000, to begin a
2-month batch test. Water depths ranged from 0.18 to 0.61 m during this period. Water
depth for Test Cell 8 were also lowered on January 13, 2000, to a target level of 0.30 m.
Water depth in Test Cell 3 was intentionally varied to simulate a natural Everglades marsh
water regime. Average monthly water depth in this cell has fluctuated from a low of 0.11 m
in March 2000 to a maximum of 0.80 m in August 1999.



Exhibit B-2
Water Balances for the PSTA Test Cells, February 1999 - March 2000

Depth HLR ∆STORAGE Residual Residual
Treatment Cell Month (m) (cm/d) (m3/d) (m3) (m3/d) (m3) (in) (m3) (mm) (m3) (m3) (m3) (% of inflow)

1 13 Feb-1999 0.51 4.67 122.90 3809.81 --- --- 0.59 38.01 78.47 199.05 641.72 --- ---
Mar-1999 0.65 4.35 114.37 3545.55 129.11 4002.54 0.70 46.77 116.11 305.42 48.11 -763.75 -21.26
Apr-1999 0.66 4.69 122.83 3807.80 143.10 4435.97 0.71 47.69 128.92 340.92 -64.48 -856.91 -22.23
May-1999 0.63 4.64 122.79 3806.51 178.09 5520.89 2.09 139.42 137.33 360.68 -520.34 -1415.30 -35.87
Jun-1999 0.63 4.68 122.91 3810.16 139.77 4332.88 12.54 834.94 104.86 274.87 111.86 -74.52 -1.60
Jul-1999 0.64 4.67 122.98 3812.31 145.11 4498.41 3.18 212.51 136.10 358.07 24.06 -855.72 -21.26
Aug-1999 0.64 4.65 123.03 3814.07 113.96 3532.80 9.36 629.42 120.04 317.80 16.14 576.75 12.98
Sep-1999 0.65 4.67 123.01 3813.37 93.17 2888.40 6.69 447.66 105.39 277.64 40.15 1054.84 24.76
Oct-1999 0.66 4.52 119.73 3711.62 100.78 3124.13 13.86 929.75 96.96 256.07 -40.25 1301.42 28.04
Nov-1999 0.64 4.63 124.21 3850.64 87.64 2716.98 0.43 29.20 83.91 224.32 -66.41 1004.95 25.90
Dec-1999 0.68 4.36 122.65 3802.13 85.27 2643.26 1.48 101.47 69.54 187.70 98.72 973.92 24.95

2 8 Feb-1999 0.54 4.67 122.74 3804.94 --- --- 0.59 38.29 78.47 200.47 642.43 --- ---
Mar-1999 0.62 4.37 114.19 3539.77 149.12 4622.67 0.70 46.62 116.11 304.46 -31.97 -1308.76 -36.49
Apr-1999 0.66 4.68 122.67 3802.92 139.87 4336.10 0.71 47.55 128.92 339.93 120.55 -946.11 -24.57
May-1999 0.61 4.71 122.63 3801.63 117.24 3634.36 2.09 137.48 137.33 355.65 7.89 -58.80 -1.49
Jun-1999 0.63 4.67 122.75 3805.28 142.63 4421.48 12.54 837.07 104.86 275.58 16.02 -70.72 -1.52
Jul-1999 0.64 4.67 122.82 3807.44 142.39 4414.17 3.18 212.40 136.10 357.90 -24.05 -728.18 -18.11
Aug-1999 0.65 4.64 122.88 3809.20 116.61 3614.89 9.36 628.10 120.04 317.14 80.53 424.75 9.57
Sep-1999 0.68 4.64 122.85 3808.50 161.46 5005.41 6.69 452.68 105.39 280.76 48.72 -1073.71 -25.20
Oct-1999 0.66 4.53 119.87 3715.88 133.77 4147.00 13.86 932.47 96.96 256.82 -56.51 301.05 6.48
Nov-1999 0.66 4.69 125.45 3889.00 142.51 4417.75 0.43 28.91 83.91 222.14 -62.53 -659.43 -16.83
Dec-1999 0.68 4.43 123.90 3841.04 99.52 3084.99 1.48 100.00 69.54 184.99 36.49 634.58 16.10
Jan-2000 0.53 4.20 110.11 3413.36 139.62 4328.34 1.15 74.85 --- --- -796.67 --- ---
Feb-2000 0.37 4.84 108.98 3378.31 143.35 4443.80 0.72 44.79 --- --- -261.25 --- ---
Mar-2000 0.29 5.09 123.16 3818.07 149.48 4633.85 4.38 266.71 --- --- -118.19 --- ---

3 3 Feb-1999 0.59 4.66 122.74 3804.94 --- --- 0.59 39.07 78.47 204.61 683.48 --- ---
Mar-1999 0.67 4.29 114.19 3539.77 154.99 4804.54 0.70 47.37 116.11 309.37 81.21 -1607.98 -44.83
Apr-1999 0.57 3.24 91.61 2839.76 276.98 8586.35 0.71 47.08 128.92 336.58 -389.92 -5646.16 -195.58
May-1999 0.39 2.97 67.81 2102.11 102.19 3167.76 2.09 130.72 137.33 338.17 105.08 -1378.18 -61.72
Jun-1999 0.71 4.48 119.09 3691.94 130.06 4031.92 12.54 859.82 104.86 283.06 1077.86 -841.08 -18.48
Jul-1999 0.79 4.47 122.82 3807.44 142.24 4409.36 3.18 221.94 136.10 373.97 -8.38 -745.57 -18.50
Aug-1999 0.80 4.78 122.88 3809.20 157.67 4887.75 9.36 653.35 120.04 329.89 0.00 -755.08 -16.92
Sep-1999 0.74 8.55 220.29 6829.08 240.36 7451.01 6.69 459.07 105.39 284.72 0.00 -447.58 -6.14
Oct-1999 0.73 4.19 146.31 4535.57 128.95 3997.50 13.86 955.14 96.96 263.07 -95.10 1325.25 24.14
Nov-1999 0.55 2.67 73.68 2284.07 88.50 2743.47 0.43 28.15 83.91 216.30 -624.63 -22.92 -0.99
Dec-1999 0.49 2.76 67.29 2086.11 102.97 3191.99 1.48 95.55 69.54 176.75 -61.98 -1125.11 -51.57
Jan-2000 0.37 4.27 99.87 3095.83 97.68 3028.00 1.15 71.85 --- --- -369.24 --- ---
Feb-2000 0.21 5.04 106.43 3299.28 100.60 3118.68 0.72 43.12 --- --- -510.22 --- ---
Mar-2000 0.11 5.28 120.95 3749.45 582.94 18071.23 4.38 254.92 --- --- -21.30 --- ---

Inflow Outflow Rainfall ET
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B.2.2 Water Inflows and Outflows and Hydraulic Loading Rate
Water inflows to the PSTA Test Cells are estimated with an empirical equation (Equation 1)
provided by the District that is based upon inlet orifice diameter and the water stage in the
Head Cell feeding the three PSTA Test Cells:

Qin (cfs) = [stage (ft)*A] - B Equation 1

Where:

0.75-inch-diameter orifice: A = 0.004561, B = 0.07561
1.0-inch-diameter orifice: A = 0.008587, B = 0.14266

Outflows from the PSTA Test Cells were estimated by applying a standard flow equation
for the 90-degree V-notch weirs at each outlet. The height at the water over the weir (H) is
calculated by reading the staff gauge in the weir box and is used in Equation 2:

Qout (cfs) = 2.50*H2.5 Equation 2

Where:

H = height of water over the V-notch (ft)

Exhibit B-2 summarizes monthly average water inflows and outflows for the PSTA Test
Cells for the period from February 1999 through March 2000. With the exception of Test Cell
13 during the batch mode test (January to March 2000), inflows to Test Cells 8 and 13
remained relatively constant during Phase 1, varying on a monthly average basis between
108 to 125 cubic meters per day (m3/d). Estimated outflows were more variable than
inflows. This is partially a result of rain events and infrequent outflow estimation (typically
two times per week). Monthly average outflow in Test Cells 8 and 13 ranged from
approximately 85 to 178 m3/d.

Flows to Test Cell 3 were intentionally varied during this period to simulate fluctuating
water regimes of the Everglades marsh communities. Monthly average inflows to Test Cell 3
varied between 68 and 220 m3/d. Monthly average outflows varied between 98 to 583 m3/d.

The HLR, q, is calculated using the following equation:
q (m/d) = Q/A Equation 3

Where:
Q = volumetric flow rate (m3/d)
A = wetted area of the cell (m2)

Inflow HLRs for the PSTA Test Cells are summarized by month in Exhibit B-2. Monthly
average HLRs for Test Cells 8 and 13 varied between approximately 4.2 and 4.7 cm/d,
respectively. These HLRs are limited by the sizes of the inlet orifice plates for each Test Cell.
The HLR for Test Cell 3 was intentionally varied during the course of this research with
monthly averages ranging from approximately 2.7 to 8.6 cm/d.



DFB/003673526/APP B.DOC B-4

B.2.3 Water Balance
The general balance between water storage, inflows, and outflows is shown in Equation 4:

∆V = Vin - Vout + P - ET - S Equation 4

Where:

∆V = change in storage volume
Vin = inflow volume
Vout = outflow volume
P = precipitation
ET = evapotranspiration
S = seepage

Because the Test Cells are lined and seepage is assumed to be zero, the water balance
equation can be re-arranged as shown in Equation 5:

Vin - Vout + P - ET - ∆V = 0 Equation 5

If the net result of Equation 5 is non-zero, the residual term may be explained as the sum of
the errors associated with measurements of the individual components of the water balance.
As in all water balances, numerous sources of potential error exist that can affect the magni-
tude of the residual term. For this project, the estimates of inflow rate made using an empiri-
cal equation may be a source of error. Similarly, outflow measurement error may be tied to
the use of the V-notch weir equation, but may more likely be attributable to the use of
infrequent, discrete measurements that may not capture the full range of outflow variation.
Potential errors associated with rainfall volumes may be attributed to spatial variation in
rainfall patterns. The nearest District rain gauge is located at the ENR Outflow Pump
Station, approximately 1.5 miles distant. ET data may also vary spatially. Finally, seepage
losses, while unquantified, are assumed to be zero.

Exhibit B-2 presents monthly average water balances for the period of record (February 1999
to March 2000). Inflow measurements were derived from District data as described above.
Discrete outflow measurements were made approximately twice per week. Rainfall and ET
data were provided by the District. ET data were not available for January 1999 to March
2000. Change in storage was estimated as the product of the cell area and the change in
water level between the beginning and end of each time increment.

Most of the water balance residuals shown in Exhibit B-2 are less than 25 percent. This level
of accuracy is consistent with normal expectations based on infrequent outlet stage mea-
surements. A few higher monthly average residuals and the high percentage of negative
residuals reflect the inaccuracies of outflow measurements and indicate that outflows are
possibly being overestimated. Because of the uncertainty related to these outflow estimates,
the mass balances presented in this section only rely on the inflow hydraulic loadings. For
analysis, it is assumed that qout = qin.
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B.3 Tracer Studies
B.3.1 Prior PSTA Mesocosm Tracer Studies
Tracer studies provide a method for estimating the mean hydraulic residence time (HRT)
and degree of mixing in aquatic treatment systems (Kadlec and Knight, 1996). Because these
analyses can offer significant insight into treatment performance, tracer studies were
included in these mesocosm studies. An initial tracer experiment was conducted at Porta-
PSTA Tank 7 to evaluate sampling methods, determine sample frequency requirements, and
investigate the feasibility of using sodium bromide (NaBr) as a tracer. This preliminary
tracer experiment ran from January 29 through February 22, 1999.

A second series of tracer experiments, conducted at Porta-PSTA Tanks 7, 10, and 23, were
performed to compare the results generated by two tracers, NaBr and lithium chloride
(LiCl) and to further characterize the hydraulics of the Porta-PSTA mesocosm tanks. These
tracer studies were conducted at the Porta-PSTA Mesocosm site during the period from
April 19 through June 15, 1999.

Results from the tracer tests in the Porta-PSTA mesocosms indicated that these tanks are
between well mixed and plug flow with tanks-in-series (TIS) numbers between 1.2 and 2.2.
Very little difference was detected between the results using Li and Br salts. There was no
apparent difference in degree of mixing between the smallest tanks (6 m2) and the larger
tanks (18 m2). Water depth did appear to make a difference in mixing with the deeper tank
(0.65 m) acting like 2.2 TIS while the shallower tanks (0.34 to 0.36 m) were best modeled as
1.4 to 1.8 TIS.

The three PSTA Test Cells were tracer tested with LiCl during the August to October 1999
study period. This section describes the methods employed and the results from this larger-
scale tracer test.

B.3.2 Materials and Methods
Tracer spike solutions were prepared using an LiCl brine solution with approximately
78,460 milligrams per liter (mg/L) as Li ion to yield average peak concentrations of approxi-
mately 0.5 mg/L for lithium. The tracer solutions for each PSTA Test Cell were combined in
clean plastic containers with de-ionized water and stirred to reduce density differences
between the tracer solutions and the feed water. The tracer solutions were applied to each
Test Cell for approximately 2 minutes by pouring the contents of the plastic containers into
the inlet piping assemblies. Tracer volumes were 5.5 L for Cells 3 and 13 and 7.0 L for Cell 8.

Automated ISCO samplers (Model 3700) were deployed at the outlets from each Test Cell
and were programmed to collect approximately 100 milliliter (mL) samples at 4-hour
intervals, beginning at the time of initial tracer application (between 14:50 and 15:30 on
July 29, 1999). The filled ISCO bottles were capped and replaced with clean bottles after each
programmed cycle. The sampling frequency was reduced to an 8-hour interval on
August 24, 1999. The ISCO samplers were removed on August 31, 1999, because of the
threat of high winds from several hurricanes off the Atlantic coast. Grab samples were
collected every few days until September 30, 1999. Grab samples were also collected at the
ENR outflow pump station during the course of the experiment to determine if the
discharge from the study would raise the background concentrations of lithium in the ENR.
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Lithium samples were sent to Savannah Laboratories in Mobile, Alabama, for analysis.
Lithium samples were chilled with ice for shipment to the laboratory. No other preservative
was used for the lithium samples.

Outflows were calculated based on measurements of the V-notch weir elevations and the
water level in the outflow structures just upstream from the weirs. Flows were measured in
the same manner twice each week during the course of the experiments.

B.3.3 Test Cell Tracer Results
The PSTA Test Cell tracer study data were interpreted following the methods summarized
by Kadlec and Knight (1996). Data collected for each experiment are presented at the end of
this section. Flows corresponding with each sample were interpolated from the flow records
described above.

Exhibits B-3 through B-5 show the tracer response curves (concentration versus time) for
Test Cells 3, 8, and 13, respectively.

EXHIBIT B-3
South ENR Test Cell 3 Tracer Response Curve
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The endpoint for the Test Cell 13 experiment was extrapolated based on the measured
concentrations of the previous six samples. The regression equation used was:

Concentration = -0.001(time) + 0.0655, R2 = 0.92

Exhibit B-6 summarizes the hydraulic characteristics of Test Cells 3, 8, and 13, as determined
through this lithium tracer study.
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EXHIBIT B-4
South ENR Test Cell 8 Tracer Response Curve
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EXHIBIT B-5
South ENR Test Cell 13 Tracer Response Curve
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EXHIBIT B-6
Summary of South ENR Test Cell Tracer Study Results

Parameter Cell 13 Cell 8 Cell 3

Average Depth (m) 0.66 0.66 0.77

Average Volume (m3) 1,612 1,612 1,908

Average Flow (m3/d) 114 125 127

Nominal HRT (d) 14.2 12.9 15.1

Mean HRT, τ (d) 22.4 10.7 15.5

Variance, σ2 184.7 95.0 124.0

Number of Tanks, N 2.7 1.2 1.9

Volumetric Efficiency 1.55 0.83 1.03

Dimensionless Variance 0.37 0.83 0.52

Dispersion Number, D 0.24 1.73 0.42

Tracer Mass Recovery (%) 61 75 118

The nominal and mean HRTs for Test Cell 3 were very similar with values of 15.1 days and
15.5 days, respectively. The nominal and mean HRTs for Test Cell 8 were 12.9 days and
10.7 days, respectively. For Test Cell 8, the measured HRT was less than the nominal HRT,
and the volumetric efficiency was 0.83, indicating that the estimated effective volume of this
cell is less than the design volume. The nominal and mean HRTs for Test Cell 13 were
14.2 days and 22.4 days, respectively. This finding suggests that there is 55 percent more
effective volume in this cell than was assumed based on design drawings. Based on the
results of this tracer test, Test Cells 3, 8, and 13 can be modeled as 1.9, 1.2, and 2.7
completely mixed TIS, respectively.

Percent cover data indicate that total vegetative cover in Test Cell 13 is more than twice that
in either Test Cells 3 or 8. The larger number of TIS estimated for Test Cell 13 may be a
result of the higher density of submerged and emergent vegetation.

Grab samples were collected at the ENR outflow pump station canal to detect whether this
tracer test in the South Test Cells might result in elevated lithium concentrations in the ENR
outflow. Exhibit B-7 summarizes the canal grab samples that were analyzed during this
tracer study. Samples CG-1 through CG-6 are within the range of background concen-
trations observed at the South ENR Test Cell site and the Porta-PSTA site. A high lithium
concentration reported by the laboratory in a sample collected at the ENR outfall canal on
September 23 (0.17 mg/L) was excluded from this presentation as an unexplained outlier.
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EXHIBIT B-7
Summary of ENR Outflow Pump Station Canal Lithium Samples

Sample ID Sample Date and Time Lithium Concentration (mg/L)

CG-1 8/12/1999 16:20 0.037

CG-2 8/19/1999 16:10 0.033

CG-3 8/26/1999 16:35 0.032

CG-4 9/2/1999 14:07 0.034

CG- 5 9/9/1999 13:20 0.031

CG-6 9/16/1999 15:30 0.029

B.4 Field Parameters
Field parameters (water temperature, pH, dissolved oxygen [DO], percent saturation,
salinity, total dissolved solids [TDS], and specific conductance) were measured in the PSTA
Test Cells weekly at the inflow and outflow, and monthly at two internal sampling points
(one-third and two-third monitoring walkways). In addition, one recording data sonde unit,
installed in the Head Cell on April 12, 1999, continuously documents inflow conditions, and
two data sondes are deployed on a rotating basis at the monitoring walkways within the
Test Cells.

Exhibit B-8 summarizes the monthly averages for field parameter data during Phase 1.
Monthly trend graphics for the key parameters measured at the Test Cells, as well as the
Porta-PSTAs, are provided in Appendix I. A brief description of each of the field parameters
is provided below.

B.4.1 Temperature
Average water temperatures in the Head Cell and the Test Cells followed a seasonal cycle
with minimum average values recorded in the months of January and February 2000
(between 17.8 and 18.2°C) and maximum average values recorded in the period from July
through September 1999 (28.6 to 31.3°C).

B.4.2 pH
Consistent pH measurements were recorded during the study period for the Head Cell with
monthly average values ranging from 7.3 to 8.0 Standard Units (SU). Monthly average pH
measurements in Treatment 1 (Test Cell 13) were elevated compared to the Head Cell,
ranging from 7.5 to 9.0 SU. Monthly average pH measurements in Treatment 2 (Test Cell 8)
ranged from 8.0 to 8.6 SU. Monthly average pH measurements in Treatment 3 (Test Cell 3)
were more variable than in other Test Cells, ranging from 7.9 to 8.5 SU.

B.4.3 Conductivity
Conductivity has been variable during Phase 1. Head Cell average monthly conductivity
has ranged from a low of 800 micromhos per centimeter (µmhos/cm)



Exhibit No. B-8
Monthly Averages of Field Measurements Collected from the ENR South Head Cell and the PSTA Test Cells, February 1999 - March 2000

1a 2 3
Head Shellrock

Month Cell (Peat) (Shellrock) ( Variable Water Depth)
Feb-99 17.93 17.78 19.16 18.04
Mar-99 21.81 22.35 22.00 22.81
Apr-99 26.44 26.44 27.38 26.34
May-99 27.09 27.80 28.11 29.12
Jun-99 27.73 28.82 28.71 28.06
Jul-99 28.05 31.05 30.50 31.34
Aug-99 28.63 28.47 30.27 31.06
Sep-99 27.42 26.50 30.73 28.32
Oct-99 24.98 24.86 27.60 24.26
Nov-99 21.83 20.33 23.15 22.75
Dec-99 19.88 20.29 21.37 18.90
Jan-00 19.56 20.48 18.24 18.11
Feb-00 20.41 -- 20.84 17.70
Mar-00 23.35 -- 23.94 21.79

Feb-99 7.67 7.96 8.37 8.01
Mar-99 7.80 8.59 8.38 8.36
Apr-99 7.84 8.61 8.44 8.39
May-99 7.95 8.99 8.55 8.51
Jun-99 7.63 8.70 8.63 8.45
Jul-99 7.50 8.93 8.51 8.47
Aug-99 7.41 8.27 8.34 8.36
Sep-99 7.26 7.84 8.37 7.88
Oct-99 7.30 7.64 8.15 8.13
Nov-99 7.47 7.54 8.07 8.31
Dec-99 7.60 7.52 8.13 8.04
Jan-00 7.64 7.58 8.19 8.10
Feb-00 7.55 -- 8.09 8.19
Mar-00 7.57 -- 8.03 7.85

Feb-99 1219 1225 1187 1227
Mar-99 1245 1260 1247 1313
Apr-99 1173 1278 1309 1375
May-99 875 905 977 929
Jun-99 800 635 677 741
Jul-99 832 703 733 780
Aug-99 999 847 918 844
Sep-99 1318 1064 981 1210
Oct-99 1186 964 1173 954
Nov-99 1041 986 965 985
Dec-99 1132 1083 1128 1066
Jan-00 1089 1024 1063 1091
Feb-00 22 -- 984 973
Mar-00 27 -- 982 1120
Feb-99 -- -- 0.62 --
Mar-99 -- -- 0.66 0.69
Apr-99 -- 0.67 0.69 0.73
May-99 -- 0.47 0.51 0.48
Jun-99 -- 0.33 0.35 0.38
Jul-99 -- 0.36 0.38 0.40
Aug-99 -- 0.44 0.48 0.44
Sep-99 -- 0.56 0.51 0.64

Parameter

Treatment

Water
Temp
(oC)

pH
(units)

Conductivity
(µmhos/cm)

Salinity
(ppt)
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Exhibit No. B-8
Monthly Averages of Field Measurements Collected from the ENR South Head Cell and the PSTA Test Cells, February 1999 - March 2000

1a 2 3
Head Shellrock

Month Cell (Peat) (Shellrock) ( Variable Water Depth)Parameter

Treatment

Oct-99 -- 0.50 0.62 0.50
Nov-99 -- 0.52 0.50 0.51
Dec-99 -- 0.57 0.59 0.56
Jan-00 -- 0.54 0.56 0.57
Feb-00 -- -- 0.51 0.51
Mar-00 -- -- 0.51 --
Feb-99 -- -- 0.759 --
Mar-99 -- -- 0.798 0.841
Apr-99 0.673 0.818 0.838 0.881
May-99 0.560 0.730 0.752 --
Jun-99 0.512 0.406 0.430 0.433
Jul-99 0.534 0.486 0.527 0.499
Aug-99 0.640 0.542 0.588 0.540
Sep-99 0.844 0.681 0.628 0.775
Oct-99 0.759 0.616 0.750 0.608
Nov-99 0.666 0.631 0.618 0.630
Dec-99 0.724 0.695 0.722 0.682
Jan-00 0.697 0.655 0.680 0.696
Feb-00 0.636 -- 0.630 0.623
Mar-00 0.658 -- 0.628 0.717
Feb-99 -- -- 92.5
Mar-99 -- -- 94.7 93.6
Apr-99 62.3 120.0 99.9 96.7
May-99 71.6 126.9 109.2 91.3
Jun-99 39.8 117.0 117.1 87.0
Jul-99 28.6 153.3 118.3 102.7
Aug-99 9.3 96.8 110.9 111.3
Sep-99 5.2 34.2 103.0 90.3
Oct-99 15.8 32.6 110.2 101.4
Nov-99 21.8 22.8 104.7 108.5
Dec-99 36.6 28.1 97.7 103.3
Jan-00 52.5 37.3 106.3 104.3
Feb-00 82.4 -- 118.4 102.7
Mar-00 62.7 -- 112.8 85.3

Feb-99 5.97 8.00 8.50 8.05
Mar-99 6.45 9.19 8.21 7.99
Apr-99 4.98 9.59 7.84 7.72
May-99 5.68 9.98 8.50 6.97
Jun-99 3.12 8.98 9.06 6.76
Jul-99 2.23 11.43 8.82 7.56
Aug-99 0.72 7.43 8.28 8.22
Sep-99 0.41 2.73 7.62 6.97
Oct-99 1.30 2.70 8.64 8.47
Nov-99 1.90 2.06 8.93 9.30
Dec-99 3.34 2.53 8.63 9.57
Jan-00 4.81 3.35 9.97 9.79
Feb-00 7.48 -- 10.53 9.70
Mar-00 5.30 -- 9.52 7.38

a Treatment 1 was operated as a batch system from January - March 2000; these data are presented in Appendix E.

Dissolved Oxygen 
(mg/L)

Dissolved Oxygen 
Saturation

(%)

Total Dissolved 
Solids
(g/L)
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in June 1999 to higher values in March 1999 (1,245 µmhos/ cm) and September 1999
(1,318 µmhos/cm). Conductivity in the PSTA Test Cells has been similar to the Head Cell
averages.

B.4.4 Salinity
Salinity readings tracked the same seasonal trend observed with the conductivity
measurements. Average monthly values ranged from 0.33 to 0.73 parts per thousand (ppt).
Salinity was not recorded in the Head Cell during the study period.

B.4.5 Total Dissolved Solids
Monthly average TDS concentrations have varied between 0.512 and 0.844 grams per liter
(g/L) in the Head Cell and from 0.406 to 0.881 in the three PSTA Test Cells. TDS readings
tracked the same seasonal trend observed with the conductivity measurements.

B.4.6 Dissolved Oxygen
DO concentrations in the Head Cell have varied in response to temperature and biological
activity in the ENR. Monthly average DO concentration and percent saturation peaked in
February 2000 at 7.5 mg/L (82 percent saturation) and declined to 0.41 mg/L (5.2 percent
saturation) in September 1999. Average monthly DO concentrations were higher in the Test
Cells than in the Head Cell. Treatment 1 (Test Cell 13) had monthly average DO concen-
tration between 2.1 and 11.4 mg/L. Treatment 2 (Test Cell 8) had monthly average DO
concentration between 7.6 and 10.5 mg/L. Treatment 3 (Test Cell 3) had monthly average
DO concentration between 6.8 and 9.8 mg/L.

B.5 Water Quality Data
Water quality samples were collected at the Head Cell and at selected locations within each
Test Cell at varying frequencies in accordance with the PSTA Research Plan. Phosphorus
samples were collected at the highest frequency and were analyzed for a number of phos-
phorus forms. Head Cell samples (representing Test Cell inflows) and Test Cell outflow
samples were collected weekly for analysis of total phosphorus (TP), total dissolved phos-
phorus (TDP), and dissolved reactive phosphorus (DRP). Individual cell inflows were
monitored monthly, and internal stations were sampled quarterly for these parameters.
From the collected phosphorus data, total particulate phosphorus (TPP) is estimated by the
difference: TP - TDP, and dissolved organic phosphorus (DOP) is estimated by the
difference: TDP - DRP.

Monthly and quarterly water quality samples were analyzed for total nitrogen (TN), major
nitrogen (N) forms (total Kjeldahl N [TKN], total ammonia N [NH3-N], and nitrate + nitrite
N [NOx-N]), calcium, total suspended solids (TSS), alkalinity, and total organic carbon
(TOC). Parameters were sampled monthly at the Head Cell and at the outflows of the three
PSTA Test Cells; Test Cell inflow points and the internal stations were sampled quarterly for
these parameters. From the collected nitrogen data, organic nitrogen is estimated by the
difference: TKN - NH3-N.

Monthly average values for water quality data collected from February 1999 to March 2000
at the Head Cell and the three Test Cells are presented in Exhibit B-9, and are summarized



Exhibit B-9
Monthly Averages of Water Quality Data Collected at the ENR South Head Cell and PSTA Test Cells, February 1999 - March 2000 

Parameter Inflowb Outflow Inflowb Outflow Inflowb Outflow
Feb-99 0.019 0.086 0.021 0.026 0.019 0.035
Mar-99 0.020 0.039 0.021 0.030 0.020 0.039
Apr-99 0.025 0.036 0.025 0.032 0.026 0.037
May-99 0.020 0.021 0.021 0.021 0.022 0.027
Jun-99 0.020 0.018 0.021 0.021 0.022 0.024
Jul-99 0.026 0.013 0.026 0.014 0.026 0.017
Aug-99 0.035 0.022 0.035 0.017 0.033 0.021
Sep-99 0.032 0.021 0.031 0.015 0.031 0.023
Oct-99 0.026 0.019 0.026 0.015 0.026 0.019
Nov-99 0.021 0.012 0.021 0.011 0.021 0.013
Dec-99 0.019 0.014 0.020 0.012 0.019 0.014
Jan-00 0.016 0.014 0.015 0.011 0.015 0.013
Feb-00 -- -- 0.018 0.012 0.018 0.020
Mar-00 -- -- 0.021 0.012 0.018 0.021

Feb-99 0.010 0.070 0.012 0.009 0.010 0.024
Mar-99 0.011 0.028 0.012 0.017 0.011 0.028
Apr-99 0.015 0.019 0.015 0.016 0.012 0.020
May-99 0.004 0.004 0.000 0.004 0.005 0.009
Jun-99 0.006 0.007 0.008 0.010 0.014 0.014
Jul-99 0.006 0.004 0.006 0.003 0.008 0.009
Aug-99 0.025 0.011 0.021 0.007 0.015 0.011
Sep-99 0.010 0.011 0.008 0.006 0.008 0.013
Oct-99 0.007 0.010 0.008 0.008 0.008 0.010
Nov-99 0.011 0.004 0.011 0.005 0.011 0.006
Dec-99 0.008 0.004 0.009 0.005 0.008 0.006
Jan-00 0.009 0.005 0.005 0.003 0.005 0.006
Feb-00 -- -- 0.005 0.004 0.006 0.009
Mar-00 -- -- 0.007 0.004 0.007 0.009

Feb-99 0.009 0.016 0.009 0.018 0.009 0.011
Mar-99 0.011 0.012 0.011 0.013 0.011 0.011
Apr-99 0.014 0.017 0.014 0.016 0.016 0.017
May-99 0.019 0.017 0.028 0.017 0.017 0.018
Jun-99 0.015 0.011 0.014 0.010 0.013 0.011
Jul-99 0.013 0.009 0.012 0.013 0.010 0.008
Aug-99 0.013 0.011 0.015 0.010 0.014 0.010
Sep-99 0.013 0.010 0.014 0.009 0.014 0.010
Oct-99 0.011 0.009 0.011 0.007 0.011 0.009
Nov-99 0.011 0.009 0.010 0.007 0.010 0.007
Dec-99 0.011 0.010 0.011 0.007 0.011 0.008
Jan-00 0.008 0.009 0.010 0.008 0.010 0.008
Feb-00 -- -- 0.014 0.008 0.012 0.010
Mar-00 -- -- 0.014 0.008 0.011 0.012

Feb-99 0.009 0.005 0.006 0.003 0.004 0.002
Mar-99 0.006 0.005 0.005 0.006 0.007 0.003
Apr-99 0.006 0.004 0.005 0.003 0.007 0.004
May-99 0.008 0.007 0.010 0.006 0.008 0.008
Jun-99 0.007 0.002 0.007 0.002 0.006 0.002
Jul-99 0.005 0.003 0.005 0.003 0.005 0.002
Aug-99 0.002 0.001 0.002 0.001 0.002 0.001
Sep-99 0.003 0.002 0.002 0.002 0.002 0.002
Oct-99 0.006 0.002 0.006 0.001 0.005 0.002
Nov-99 0.004 0.002 0.004 0.002 0.004 0.002
Dec-99 0.006 0.004 0.006 0.001 0.006 0.002
Jan-00 0.008 -- 0.006 -- 0.006 --
Feb-00 -- -- 0.003 0.001 0.003 --
Mar-00 -- -- 0.002 -- 0.001 --

Feb-99 0.000 0.011 0.003 0.015 0.005 0.009
Mar-99 0.006 0.007 0.007 0.007 0.005 0.008
Apr-99 0.009 0.013 0.010 0.013 0.010 0.014
May-99 0.006 0.011 0.018 0.011 0.006 0.010
Jun-99 0.009 0.010 0.009 0.007 0.009 0.009
Jul-99 0.007 0.006 0.007 0.010 0.006 0.006
Aug-99 0.011 0.009 0.013 0.010 0.012 0.009
Sep-99 0.009 0.010 0.012 0.008 0.011 0.009
Oct-99 0.006 0.005 0.006 0.005 0.009 0.006
Nov-99 0.007 0.005 0.006 0.005 0.006 0.005
Dec-99 0.005 0.008 0.005 0.006 0.005 0.006
Jan-00 0.003 -- 0.005 -- 0.004 --
Feb-00 -- -- 0.010 0.005 0.009 --
Mar-00 -- -- 0.013 -- 0.010 --

2 3
(Shellrock-Variable Stage)(Peat)

Month
(Shellrock)

Treatment
1a

Dissolved 
Organic 

Phosphorus 
(mg/L)

Dissolved 
Reactive 

Phosphorus 
(mg/L)

Total Dissolved 
Phosphorus 

(mg/L)

Total 
Phosphorus as 

P (mg/L)

Total Particulate 
Phosphorus 

(mg/L)
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Exhibit B-9
Monthly Averages of Water Quality Data Collected at the ENR South Head Cell and PSTA Test Cells, February 1999 - March 2000 

Parameter Inflowb Outflow Inflowb Outflow Inflowb Outflow

2 3
(Shellrock-Variable Stage)(Peat)

Month
(Shellrock)

Treatment
1a

Feb-99 2.27 1.74 2.25 0.98 2.22 1.43
Mar-99 2.16 0.63 1.85 1.10 1.98 0.67
Apr-99 1.90 0.93 1.77 0.86 1.80 1.09
May-99 1.60 1.16 1.58 1.38 2.19 1.28
Jun-99 1.53 0.84 1.49 1.00 1.50 0.93
Jul-99 1.60 0.44 1.55 0.65 1.58 0.57
Aug-99 2.13 1.60 2.11 1.70 2.13 1.60
Sep-99 2.05 1.20 1.66 1.50 1.80 0.46
Oct-99 2.44 0.86 2.44 1.20 2.44 0.92
Nov-99 2.12 1.40 2.12 1.45 2.12 1.60
Dec-99 2.44 2.17 2.43 2.21 2.34 3.01
Jan-00 1.96 -- 1.81 2.04 1.81 2.03
Feb-00 -- -- 2.02 2.00 2.02 2.38
Mar-00 -- -- 1.91 1.88 1.87 2.61

Feb-99 2.10 1.66 2.10 0.98 2.10 1.43
Mar-99 1.99 0.63 1.68 1.50 1.83 1.34
Apr-99 1.83 0.93 1.69 1.06 1.73 1.43
May-99 1.63 1.16 1.61 1.38 2.01 1.28
Jun-99 1.54 0.84 1.51 1.00 1.52 0.93
Jul-99 1.71 0.44 1.67 0.65 1.70 0.57
Aug-99 2.12 1.60 2.11 1.70 2.12 1.60
Sep-99 2.05 1.20 1.66 1.50 1.65 0.46
Oct-99 2.37 0.86 2.37 1.20 2.37 0.92
Nov-99 2.07 1.40 2.07 1.45 2.07 1.40
Dec-99 2.35 2.17 2.35 2.21 2.25 3.01
Jan-00 1.87 -- 1.76 2.01 1.76 2.03
Feb-00 -- -- 1.95 2.00 1.95 2.38
Mar-00 -- -- 1.79 1.88 1.76 2.61

Feb-99 0.170 0.079 0.150 0.025 0.120 0.025
Mar-99 0.173 0.025 0.175 0.015 0.154 0.017
Apr-99 0.084 0.025 0.087 0.020 0.079 0.021
May-99 0.048 0.025 0.038 0.025 0.034 0.025
Jun-99 0.045 0.025 0.042 0.025 0.041 0.025
Jul-99 0.032 0.025 0.036 0.025 0.027 0.025
Aug-99 0.016 0.025 0.016 0.025 0.016 0.025
Sep-99 0.014 0.025 0.014 0.025 0.154 0.025
Oct-99 0.193 0.025 0.193 0.025 0.193 0.025
Nov-99 0.097 0.025 0.097 0.025 0.097 0.093
Dec-99 0.090 0.002 0.087 0.002 0.088 0.002
Jan-00 0.095 -- 0.087 0.032 0.087 0.002
Feb-00 -- -- 0.068 0.002 0.068 0.002
Mar-00 -- -- 0.116 0.002 0.107 0.002

Feb-99 0.146 0.020 0.146 0.020 0.146 0.020
Mar-99 0.020 0.020 0.020 0.020 0.020 0.020
Apr-99 0.020 0.020 0.020 0.020 0.020 0.020
May-99 0.064 0.047 0.072 0.047 0.053 0.047
Jun-99 0.020 0.020 0.020 0.020 0.020 0.020
Jul-99 0.058 0.020 0.053 0.020 0.020 0.020
Aug-99 0.210 0.020 0.175 0.020 0.180 0.020
Sep-99 0.020 0.020 0.020 0.020 0.020 0.020
Oct-99 0.070 0.020 0.070 0.070 0.070 0.020
Nov-99 0.020 0.020 0.020 0.020 0.020 0.020
Dec-99 0.100 0.014 0.113 0.016 0.099 0.002
Jan-00 -- -- 0.015 -- 0.015 --
Feb-00 -- -- 0.097 -- 0.097 --
Mar-00 -- -- 0.113 -- 0.113 --

Feb-99 1.95 1.64 1.95 0.96 1.95 1.41
Mar-99 1.68 0.61 0.70 1.48 1.13 1.32
Apr-99 1.56 0.91 1.07 1.04 1.29 1.41
May-99 1.40 1.11 1.44 1.33 2.88 1.23
Jun-99 1.18 0.82 1.18 0.98 1.18 0.91
Jul-99 0.77 0.42 0.59 0.63 0.76 0.55
Aug-99 1.79 1.58 1.78 1.68 1.82 1.58
Sep-99 1.38 1.18 0.60 1.48 0.58 0.44
Oct-99 1.33 0.84 1.33 1.13 1.33 0.90
Nov-99 1.78 1.38 1.78 1.43 1.78 1.38
Dec-99 2.11 2.16 2.09 2.19 1.71 3.01
Jan-00 -- -- 1.48 -- 1.48 --
Feb-00 -- -- 1.85 -- 1.85 --
Mar-00 -- -- 1.68 -- 1.65 --

Total Kjeldahl 
Nitrogen, as N 

(mg/L)

Total Nitrogen, 
as N 

(mg/L)

Nitrate/Nitrite, as 
N 

(mg/L)

Organic 
Nitrogen (mg/L)

Ammonia, as 
NH3 

(mg/L)
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Exhibit B-9
Monthly Averages of Water Quality Data Collected at the ENR South Head Cell and PSTA Test Cells, February 1999 - March 2000 

Parameter Inflowb Outflow Inflowb Outflow Inflowb Outflow

2 3
(Shellrock-Variable Stage)(Peat)

Month
(Shellrock)

Treatment
1a

Feb-99 31.0 32.7 31.0 32.5 31.0 33.0
Mar-99 37.3 35.6 37.9 35.3 38.1 35.4
Apr-99 39.4 38.4 38.9 37.7 38.8 37.6
May-99 30.9 29.4 29.9 32.1 30.3 30.7
Jun-99 28.8 20.7 28.7 23.5 28.8 21.5
Jul-99 28.2 26.4 28.4 29.0 28.1 26.9
Aug-99 35.9 28.0 34.8 29.2 34.8 29.2
Sep-99 42.5 69.0 42.8 39.5 42.0 39.5
Oct-99 31.7 30.0 31.7 30.0 31.7 32.0
Nov-99 34.8 39.0 34.8 40.5 34.8 39.0
Dec-99 38.9 40.7 38.2 41.0 37.2 38.2
Jan-00 37.8 -- 36.2 33.0 36.2 34.0
Feb-00 -- -- 33.1 35.1 33.1 41.7
Mar-00 -- -- 31.5 35.0 30.7 44.0

Feb-99 4.0 2.0 4.7 2.0 4.5 2.0
Mar-99 2.7 6.0 2.7 5.5 2.7 3.0
Apr-99 5.5 6.5 5.5 3.8 5.5 7.5
May-99 3.1 4.0 2.9 4.0 3.2 10.0
Jun-99 3.1 2.0 3.1 2.0 3.1 26.0
Jul-99 3.0 2.0 4.5 2.0 3.0 2.0
Aug-99 3.3 1.0 3.3 3.8 3.3 2.8
Sep-99 1.9 3.8 1.6 1.8 1.3 7.8
Oct-99 2.0 1.2 2.0 2.4 2.0 2.8
Nov-99 2.7 0.5 2.7 0.8 2.7 2.0
Dec-99 1.9 0.5 1.9 1.2 1.9 6.6
Jan-00 2.0 -- 1.9 0.5 1.9 1.0
Feb-00 -- -- 2.3 22.0 2.3 8.0
Mar-00 -- -- 1.2 6.2 1.0 2.8

Feb-99 76.0 70.9 76.0 72.0 77.0 77.7
Mar-99 70.1 49.2 70.5 66.1 71.2 71.2
Apr-99 56.9 45.2 56.9 56.0 57.7 63.2
May-99 48.6 15.7 48.7 32.2 48.1 34.1
Jun-99 53.7 22.0 53.8 30.0 53.8 30.0
Jul-99 59.4 23.0 59.6 40.6 59.5 37.9
Aug-99 60.2 29.0 59.5 40.0 59.7 38.0
Sep-99 78.2 62.0 75.2 62.0 78.7 73.0
Oct-99 57.1 54.0 57.1 53.0 57.1 59.0
Nov-99 72.8 59.0 72.8 65.0 72.8 60.0
Dec-99 74.0 63.0 74.0 66.0 73.0 64.0
Jan-00 46.7 -- 51.8 66.0 51.8 66.0
Feb-00 -- -- 66.0 54.0 66.0 56.0
Mar-00 -- -- 68.0 55.0 67.0 49.0

Feb-99 290 278 290 276 290 276
Mar-99 304 258 304 278 306 283
Apr-99 231 241 231 263 232 272
May-99 184 105 185 161 186 163
Jun-99 185 104 185 123 185 114
Jul-99 226 126 228 183 211 230
Aug-99 254 160 253 192 254 187
Sep-99 284 238 289 248 287 288
Oct-99 178 187 178 187 178 196
Nov-99 249 237 249 243 249 229
Dec-99 235 250 233 250 235 240
Jan-00 191 -- 207 240 207 230
Feb-00 -- -- 260 230 260 230
Mar-00 -- -- 260 130 260 220

Notes:
a  Treatment 1 was operated as a batch system from January - March 2000; these data are presented in Appendix D.
  One-half the method detection limit used in the calculation of monthly averages for undetected values.

Alkalinity (mg/L)

Calcium (mg/L)

TSS
(mg/L)

TOC 
(mg/L)

bInflow averages include data from constant head cell outlet and samples collected from individual cell inlets.
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below. Monthly trend graphics for the key parameters measured at the Test Cells, as well as
the Porta-PSTAs, are provided in Appendix I.

B.5.1 Phosphorus
Detailed monthly and weekly TP trend charts are provided in Appendix I. The time series
plots indicated that TP levels initially increased as water passed through each Test Cell
because of increased levels of TPP during the startup period of February from April 1999.
This finding is believed to be related to re-suspension of loosely consolidated sediments and
export because of wind mixing after startup and prior to significant periphyton and
macrophyte establishment.

Specific phosphorus parameters for the study period from May 1999 through March 2000
are presented below.

•  TP - 24 out of 31 monthly average outflow concentrations were less than the correspond-
ing inflow average. Monthly average inflow concentrations ranged from 0.015 mg/L to
0.035 mg/L for the three treatments. Average monthly outflow concentrations ranged
from 0.013 to 0.022 mg/L in Treatment 1 (Test Cell 13), 0.011 to 0.021 mg/L in
Treatment 2 (Test Cell 8), and 0.013 to 0.027 mg/L in Treatment 3 (Test Cell 3).

•  TPP - Monthly average inflow concentrations ranged from zero to 0.025 mg/L for the
three treatments. Average monthly outflow concentrations ranged from 0.004 to
0.011 mg/L in Treatment 1 (Test Cell 13), 0.003 to 0.010 mg/L in Treatment 2 (Test
Cell 8), and 0.006 to 0.014 mg/L in Treatment 3 (Test Cell 3).

•  TDP - Monthly average inflow concentrations ranged from 0.008 mg/L to 0.028 mg/L
for the three treatments. Average monthly outflow concentrations ranged from 0.007 to
0.018 mg/L in all three treatments.

•  DRP - Monthly average inflow concentrations ranged from 0.001 mg/L to 0.010 mg/L
for the three treatments. Average monthly outflow concentrations ranged from 0.001 to
0.007 mg/L in Treatment 1 (Test Cell 13), 0.001 to 0.006 mg/L in Treatment 2 (Test
Cell 8), and 0.001 to 0.008 mg/L in Treatment 3 (Test Cell 3).

•  DOP - Monthly average inflow concentrations ranged from 0.003 mg/L to 0.018 mg/L
for the three treatments. Average monthly outflow concentrations ranged from 0.005 to
0.011 mg/L in Treatment 1 (Test Cell 13), 0.005 to 0.011 mg/L in Treatment 2 (Test
Cell 8), and 0.005 to 0.010 mg/L in Treatment 3 (Test Cell 3).

B.5.2 Nitrogen and Other Parameters
Detailed monthly and weekly TN trend charts are provided in Appendix I. The time series
plots shown indicated that nitrogen levels decreased in all three treatments as water passed
through each cell.

Specific nitrogen parameters for the study period from May 1999 through March 2000 are
presented below.

•  TN - Average monthly inflow concentrations were variable during the study period,
with values ranging from 1.49 to 2.44 mg/L. Average monthly outflow concentrations
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ranged from 0.44 to 2.17 mg/L in Treatment 1 (Test Cell 13), 0.65 to 2.21 mg/L in
Treatment 2 (Test Cell 8), and 0.46 to 3.01 in Treatment 3 (Test Cell 3).

•  TKN - Average monthly inflow concentrations ranged from 1.51 to 2.37 mg/L. Average
monthly outflow concentrations ranged from 0.44 to 2.17 mg/L in Treatment 1 (Test
Cell 13), 0.65 to 2.21 mg/L in Treatment 2 (Test Cell 8), and 0.46 to 3.01 in Treatment 3
(Test Cell 3).

•  NO2+NO3-N - Average monthly inflow concentrations ranged from 0.01 to 0.19 mg/L.
Average monthly outflow was typically below the method detection limit in all
treatments.

•  NH4-N - Average monthly inflow concentrations ranged from 0.01 to 0.21 mg/L.
Average monthly outflow was typically below the method detection limit in all
treatments.

•  Org-N - Average monthly inflow concentrations ranged from 0.58 to 2.88 mg/L.
Average monthly outflow concentrations ranged from 0.42 to 2.16 mg/L in Treatment 1
(Test Cell 13), 0.63 to 2.19 mg/L in Treatment 2 (Test Cell 8), and 0.44 to 3.01 in
Treatment 3 (Test Cell 3).

•  Total Organic Carbon (TOC) - Monthly average inflow concentrations ranged from 28 to
43 mg/L at all three treatments. Monthly average outflow concentrations ranged from
21 to 69 mg/L in Treatment 1 (Test Cell 13), 23 to 41 mg/L in Treatment 2 (Test Cell 8),
and 21 to 44 mg/L in Treatment 3 (Test Cell 3).

•  Total Suspended Solids (TSS) - Monthly average inflow concentrations ranged from 1.0
to 4.5 mg/L at all three treatments. Monthly average outflow concentrations ranged
from 0.5 to 4.0 mg/L in Treatment 1 (Test Cell 13), 0.5 to 2.2 mg/L in Treatment 2 (Test
Cell 8), and 1.0 to 26 mg/L in Treatment 3 (Test Cell 3). TSS detection was reduced to
2.0 mg/L in August 1999 and to 1.0 mg/L in September 1999.

•  Calcium - Monthly average inflow concentrations ranged from 46 to 78 mg/L at all
three treatments. Monthly average outflow concentrations ranged from 16 to 73 mg/L in
Treatment 1 (Test Cell 13), 30 to 66 mg/L in Treatment 2 (Test Cell 8), and 30 to 73 mg/L
in Treatment 3 (Test Cell 3).

B.6 Mass Balances
As a preliminary assessment of PSTA performance, inflow and outflow mass balances were
estimated for each of the ENR Test Cells using the inflow and outflow concentration and
HLR data presented in Section B.2. Mean treatment inflow and outflow loads were used to
calculate mean treatment removal rates for TP and TN. First-order TP rate constants were
calculated from the monthly data assuming C* equals 0 mg/L. Contributions of rainfall to
phosphorus and nitrogen loads to the Test Cells were not included in these mass loading
estimates. Preliminary estimates indicate that rainfall load may make up between 1 to
10 percent of the total load of these elements. Mass balance analyses for this project does not
include estimates of rainfall loads of TP and TN.
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B.6.1 Phosphorus
Exhibit B-10 provides monthly, quarterly, and period-of-record treatment means for inflow
and outflow TP.

The revised Research Plan identified an average experimental HLR of 6 cm/d to all Test
Cells, with Cell 3 (Treatment 3) receiving a variable load over a variable depth during
operations while depths in Cells 8 and 13 (Treatments 2 and 1, respectively) are held con-
stant (CH2M HILL, 1999). Assuming an average influent concentration of 0.040 mg/L, the
calculated TP mass loads were expected to average 0.88 grams per square meter per year
(g/m2/y) for all treatments but Treatment 3 would be expected to see greater monthly
variation in loads.

As shown in Exhibit B-10, the HLRs were only 77 percent of the target loading rates, and
inflow concentrations were only approximately 56 percent of the planned value. Because of
the lower than expected HLRs and TP concentrations in the Test Cells, monthly TP mass
loadings have averaged significantly lower than originally anticipated, averaging from
approximately 0.35 to 0.48 g/m2/y in the three treatments during the 14-month study
period, with monthly averages ranging from 0.19 to 1.01 g/m2/y.

Period-of-record TP mass removals were 5, 24, and 4 percent in Treatments 1, 2, and 3,
respectively. Average long-term outflow TP concentrations for the Test Cells ranged from
0.017 to 0.022 mg/L. These long-term estimates are low because of initial releases of par-
ticulate TP from the Test Cells following system startup. TP removal efficiencies were
higher during the 5th and 6th quarters of operation. During the project 5th quarter (August –
October 1999) average removal efficiencies peaked at 47 and 34 percent in Treatments 2 and
3, respectively, for Phase 1. Treatment 1 removal efficiency averaged 35 percent in the 6th

quarter.

Average TP rate constants were calculated from monthly mean concentration data and
inflow HLRs using the k-C* model. For this analysis, C* was assumed to be equal to
0.0 mg/L. This assumption returns the lowest value of the first-order removal constant, k.

The k-C* model equation, arranged to solve for the removal rate (k) is:









−
−

−=
*
*

ln
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out
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where:

k = area-based rate constant (m/y)
qavg = average HLR (m/y)
Cout = outflow concentration (mg/L)
Cin = inflow concentration (mg/L)

The highest monthly k value average was for Treatment 2 (Test Cell 8) with a value of
12.3 m/y.

Detailed figures illustrating the above k value trends are provided in Appendix I.



Exhibit B-10
Period-of-Record, Quarterly, and Monthly Summaries Total Phosphorus Mass Balance Data from the ENR Test Cells

TP (mg/L) Inflow Outflow Avg_flow q_in MB_TP (g/m2/y) Removal Calc_k
Treatment Cell Date Inflow Outflow (m3/d) (m3/d) (m3/d) (cm/d) Inflow Outflow (g/m2/y) (%) (m/y)

Period of Record 
1 13 1999-2000 0.023 0.022 121.07 119.22 120.02 4.58 0.397 0.377 0.020 4.97 0.74
2 8 1999-2000 0.022 0.017 120.11 136.19 128.03 4.61 0.381 0.291 0.089 23.50 4.37
3 3 1999-2000 0.022 0.022 107.30 145.30 126.30 4.13 0.353 0.340 0.013 3.78 0.02

Quarterly
1 13 Qtr-3 0.022 0.043 118.75 135.75 127.25 4.51 0.364 0.711 -0.347 -95.41 -11.30

Qtr-4 0.022 0.017 122.91 152.90 137.91 4.68 0.376 0.298 0.078 20.86 3.99
Qtr-5 0.031 0.021 121.79 99.61 110.70 4.62 0.519 0.352 0.168 32.26 6.56
Qtr-6 0.019 0.013 120.20 76.17 99.81 4.46 0.320 0.207 0.112 35.14 6.54

2 8 Qtr-3 0.022 0.030 118.58 144.21 131.39 4.51 0.372 0.500 -0.128 -34.27 -5.22
Qtr-4 0.022 0.018 122.75 137.56 130.16 4.68 0.380 0.316 0.065 16.99 3.18
Qtr-5 0.031 0.016 121.86 132.39 127.13 4.61 0.516 0.273 0.244 47.18 10.74
Qtr-6 0.018 0.011 116.95 125.80 121.37 4.44 0.294 0.187 0.107 36.47 7.30
Qtr-7 0.019 0.012 120.85 148.95 133.29 4.95 0.360 0.217 0.143 39.68 8.70

3 3 Qtr-3 0.022 0.039 99.00 187.61 143.30 3.76 0.304 0.547 -0.243 -79.94 -8.00
Qtr-4 0.023 0.023 107.69 119.96 113.82 4.01 0.337 0.329 0.008 2.42 0.03
Qtr-5 0.030 0.021 142.84 163.45 153.14 5.25 0.605 0.397 0.208 34.41 7.18
Qtr-6 0.018 0.013 81.45 87.16 84.31 3.27 0.209 0.160 0.050 23.77 3.48
Qtr-7 0.018 0.020 117.12 249.43 183.27 5.09 0.341 0.371 -0.030 -8.74 -1.50

Monthly
1 13 Feb-99 0.019 0.086 122.53 143.64 133.08 4.67 0.316 1.467 -1.152 -364.86 -26.22

Mar-99 0.020 0.039 114.73 128.80 121.77 4.35 0.331 0.623 -0.292 -88.39 -10.60
Apr-99 0.025 0.036 122.84 139.59 131.21 4.65 0.428 0.602 -0.174 -40.71 -5.79
May-99 0.020 0.021 122.80 155.72 139.26 4.68 0.348 0.358 -0.010 -2.95 -0.51
Jun-99 0.020 0.018 122.96 149.64 136.30 4.69 0.348 0.310 0.039 11.09 2.01
Jul-99 0.026 0.013 122.96 154.17 138.57 4.68 0.440 0.223 0.217 49.34 11.60
Aug-99 0.035 0.022 123.03 98.25 110.64 4.68 0.601 0.379 0.222 36.92 7.88
Sep-99 0.032 0.021 122.97 66.07 94.52 4.67 0.538 0.357 0.181 33.63 6.97
Oct-99 0.026 0.019 119.65 118.07 118.86 4.52 0.428 0.315 0.113 26.47 5.02
Nov-99 0.021 0.012 124.20 68.45 96.32 4.63 0.355 0.205 0.149 42.08 9.24
Dec-99 0.019 0.014 118.06 85.82 101.94 4.36 0.311 0.218 0.092 29.73 5.49
Jan-00 0.016 0.014 108.72 --- 108.72 4.01 0.215 0.173 0.042 19.73 2.63

2 8 Feb-99 0.021 0.026 122.37 142.03 132.20 4.67 0.361 0.443 -0.082 -22.64 -3.48
Mar-99 0.021 0.030 114.55 148.65 131.60 4.37 0.345 0.472 -0.127 -36.79 -5.64
Apr-99 0.025 0.032 122.68 139.77 131.22 4.65 0.428 0.542 -0.114 -26.51 -3.99
May-99 0.021 0.021 122.64 110.77 116.70 4.70 0.363 0.355 0.008 2.22 0.37
Jun-99 0.021 0.021 122.80 155.57 139.19 4.67 0.350 0.350 0.001 0.15 0.02
Jul-99 0.026 0.014 122.80 141.84 132.32 4.67 0.435 0.234 0.201 46.23 10.58
Aug-99 0.035 0.017 122.87 122.40 122.64 4.65 0.591 0.295 0.297 50.17 11.85
Sep-99 0.031 0.015 122.82 142.57 132.69 4.64 0.527 0.254 0.273 51.78 12.35
Oct-99 0.026 0.015 120.12 139.80 129.96 4.53 0.436 0.255 0.181 41.62 8.90
Nov-99 0.021 0.011 125.44 125.46 125.45 4.69 0.354 0.195 0.159 44.85 10.19
Dec-99 0.020 0.012 119.37 111.15 115.26 4.43 0.319 0.202 0.117 36.59 7.25
Jan-00 0.015 0.011 106.53 137.86 122.19 4.20 0.226 0.166 0.060 26.59 4.73
Feb-00 0.018 0.012 118.54 144.09 131.31 4.84 0.320 0.212 0.108 33.80 7.35
Mar-00 0.021 0.012 123.17 155.42 135.26 5.09 0.413 0.224 0.189 45.75 10.06

3 3 Feb-99 0.019 0.035 122.37 162.01 142.19 4.65 0.323 0.595 -0.272 -84.21 -10.38
Mar-99 0.020 0.039 114.55 147.25 130.90 4.30 0.320 0.624 -0.304 -95.11 -10.73
Apr-99 0.026 0.037 83.52 221.48 152.50 3.23 0.313 0.410 -0.097 -30.86 -4.37
May-99 0.022 0.027 73.69 60.89 67.29 2.97 0.233 0.291 -0.057 -24.49 -2.25
Jun-99 0.022 0.024 122.80 148.84 135.82 4.48 0.357 0.399 -0.042 -11.66 -1.81
Jul-99 0.026 0.017 122.80 142.92 132.86 4.47 0.416 0.281 0.136 32.61 6.44
Aug-99 0.033 0.021 130.82 169.70 150.26 4.78 0.599 0.363 0.236 39.38 7.79
Sep-99 0.031 0.023 232.15 164.12 198.13 8.55 1.007 0.693 0.314 31.21 9.55
Oct-99 0.026 0.019 113.21 155.30 134.25 4.19 0.410 0.291 0.119 29.03 5.16
Nov-99 0.021 0.013 68.16 68.06 68.11 2.67 0.202 0.125 0.077 37.89 4.64
Dec-99 0.019 0.014 69.89 109.49 89.69 2.76 0.191 0.145 0.045 23.86 2.87
Jan-00 0.015 0.013 103.98 88.41 96.20 4.27 0.230 0.205 0.025 10.82 1.80
Feb-00 0.018 0.020 116.17 136.85 126.51 5.04 0.338 0.362 -0.024 -7.21 -1.22
Mar-00 0.018 0.021 120.91 699.72 410.31 5.28 0.354 0.406 -0.052 -14.61 -2.63
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B.6.2 Nitrogen
Exhibit B-11 presents a summary of TN mass balances in the PSTA Test Cells by month,
quarter, and period-of-record for the 14-month operational period. For the period-of-record,
average inflow TN mass loadings for Treatments 1, 2, and 3 were estimated to be 33.6, 32.8
and 29.7 g/m2/y, respectively. Outflow mass loadings were reduced by an average of 40, 27,
and 24 percent during this period. Average first-order removal rate constants for TN were
8.6, 5.5, and 4.4 m/y in Treatments 1, 2, and 3, respectively, and did not appear to vary in a
consistent pattern during the period of data collection. A majority of the reduction in TN
concentrations resulted from removal of inorganic nitrogen forms with very little change in
concentrations of organic nitrogen in the PSTA Test Cells.

B.7 Sediments
Soils within the PSTA Test Cells (South ENR Test Cell Site) were sampled to a depth of
approximately 10 cm at randomly selected locations along each of the internal monitoring
boardwalks. Exhibit B-12 summarizes monthly and quarterly average sediment data from
the PSTA Test Cells during Phase 1. Key parameter analyses are highlighted as follows.

B.7.1 Bulk Density
Sediment samples were collected monthly from internal stations and analyzed for wet
density and percent solids. Bulk density is estimated in these samples by multiplying the
sample’s wet density by the percent solids.

The peat soils in Treatment 1 (Test Cell 13) are highly organic and exhibit relatively low
bulk densities, averaging 0.48 grams per cubic centimeter (g/cm3), as compared to the
shellrock soils of Treatments 2 and 3 (Test Cell 8 and 3), which averaged 1.42 and
1.39 g/cm3, respectively, during Phase 1. Average monthly bulk density estimates tended to
be less variable in Test Cells 3 and 8.

B.7.2 Phosphorus
Sediment samples were collected monthly from the PSTA Test Cell internal monitoring
stations and analyzed for TP and total inorganic phosphorus (TIP), and quarterly for non-
reactive phosphorus (NRP). NRP data for sediment samples are provided in Exhibit B-13.

In Treatment 1 (Test Cell 13), monthly TP concentrations averaged 319 milligrams per
kilogram (mg/kg) with an average monthly TIP concentration of 273 mg/kg. TP and TIP
were at their greatest concentrations during the initial sampling event (February 1999) and
generally declined in the succeeding samples. The estimated TP stored in the top 10 cm of
soil in Treatment 1 has been relatively constant, ranging from approximately 12 to 18 g/m2

since startup, with an average of approximately 15 g/m2.

In Treatment 2 (Test Cell 8), monthly TP concentrations averaged 831 mg/kg with an
average TIP concentration of 793 mg/kg. TP and TIP concentrations did not exhibit the
decreasing trend as did Treatment 1. The monthly average TP estimated in the top 10 cm



Exhibit B-11
Period-of-Record, Quarterly, and Monthly Summaries of Total Nitrogen Mass Balance Data from the ENR Test Cells, February 1999 - March 2000

TN (mg/L) Inflow Outflow Avg_flow q_in MB_TN (g/m2/y) Removal Calc_k
Treatment Cell Date Inflow Outflow (m3/d) (m3/d) (m3/d) (cm/d) Inflow Outflow (g/m2/y) (%) (m/y)

Period of Record
1 13 1999-2000 2.01 1.21 121.58 117.74 119.54 4.59 33.59 20.06 13.53 40.27 8.59
2 8 1999-2000 1.95 1.41 121.12 135.16 128.14 4.61 32.75 23.91 8.84 27.00 5.52
3 3 1999-2000 2.01 1.50 107.68 145.44 126.56 4.11 29.71 22.71 7.00 23.57 4.40

Quarterly
1 13 Qtr-3 2.08 1.20 120.95 136.84 128.89 4.58 34.67 20.40 14.27 41.16 9.18
1 13 Qtr-4 1.57 0.81 122.91 152.90 137.91 4.68 26.89 13.92 12.97 48.25 11.31
1 13 Qtr-5 2.24 1.22 121.67 96.06 108.86 4.61 37.45 20.79 16.66 44.49 10.21
1 13 Qtr-6 2.21 1.79 120.20 76.17 99.81 4.46 36.36 27.70 8.66 23.83 3.45
2 8 Qtr-3 2.01 0.90 120.79 144.68 132.74 4.59 33.47 15.31 18.16 54.25 13.43
2 8 Qtr-4 1.54 1.01 122.75 137.56 130.16 4.68 26.25 17.24 9.01 34.33 7.21
2 8 Qtr-5 2.15 1.47 121.76 135.35 128.55 4.60 35.91 24.93 10.98 30.58 6.45
2 8 Qtr-6 2.12 1.90 118.86 125.70 122.28 4.50 34.88 30.14 4.74 13.60 1.81
2 8 Qtr-7 1.96 1.94 123.15 146.71 134.93 5.08 36.35 35.94 0.42 1.15 0.21
3 3 Qtr-3 2.01 1.21 100.65 200.90 150.77 3.82 28.27 16.70 11.56 40.91 7.14
3 3 Qtr-4 1.77 0.93 107.69 119.96 113.82 4.01 24.46 12.41 12.05 49.26 9.50
3 3 Qtr-5 2.19 0.99 144.84 164.15 154.50 5.33 42.23 17.00 25.24 59.75 15.39
3 3 Qtr-6 2.09 2.21 80.84 89.12 84.98 3.23 24.11 27.82 -3.71 -15.40 -0.66
3 3 Qtr-7 1.94 2.50 120.93 389.44 255.19 5.28 37.40 48.04 -10.64 -28.46 -4.82

Monthly
1 13 Feb-99 2.27 1.74 122.53 143.64 133.08 4.67 38.73 29.69 9.04 23.35 4.54
1 13 Mar-99 2.16 0.63 118.53 129.11 123.82 4.49 35.28 10.63 24.65 69.88 20.22
1 13 Apr-99 1.90 0.93 122.85 138.74 130.80 4.65 32.18 15.76 16.42 51.03 12.10
1 13 May-99 1.60 1.16 122.80 155.72 139.26 4.68 27.36 19.96 7.41 27.06 5.52
1 13 Jun-99 1.53 0.84 122.96 149.64 136.30 4.69 26.13 14.39 11.75 44.94 10.24
1 13 Jul-99 1.60 0.44 122.96 154.17 138.57 4.68 27.28 7.41 19.87 72.85 22.17
1 13 Aug-99 2.13 1.60 123.03 89.05 106.04 4.68 36.34 27.27 9.07 24.96 4.86
1 13 Sep-99 2.05 1.20 122.97 66.07 94.52 4.67 34.86 20.41 14.45 41.44 9.09
1 13 Oct-99 2.44 0.86 119.65 118.07 118.86 4.52 39.85 14.68 25.17 63.16 17.22
1 13 Nov-99 2.12 1.40 124.20 68.45 96.32 4.63 35.85 23.61 12.24 34.14 7.01
1 13 Dec-99 2.44 2.17 118.06 85.82 101.94 4.36 38.89 31.78 7.11 18.28 1.84
1 13 Jan-00 1.96 --- 108.72 --- 108.72 4.01 28.77 --- --- --- ---
2 8 Feb-99 2.25 0.98 122.37 142.03 132.20 4.67 38.32 16.71 21.61 56.40 14.14
2 8 Mar-99 1.85 1.10 118.37 150.30 134.34 4.51 30.15 18.76 11.39 37.77 8.59
2 8 Apr-99 1.77 0.86 122.69 140.47 131.58 4.65 30.03 14.61 15.42 51.33 12.28
2 8 May-99 1.58 1.38 122.64 110.77 116.70 4.70 27.05 23.73 3.32 12.27 2.27
2 8 Jun-99 1.49 1.00 122.80 155.57 139.19 4.67 25.34 17.01 8.33 32.89 6.85
2 8 Jul-99 1.55 0.65 122.80 141.84 132.32 4.67 26.38 10.97 15.41 58.42 14.91
2 8 Aug-99 2.11 1.70 122.87 127.28 125.08 4.65 35.90 28.78 7.12 19.84 3.70
2 8 Sep-99 1.66 1.50 122.82 142.57 132.69 4.64 28.05 25.39 2.66 9.49 1.68
2 8 Oct-99 2.44 1.20 120.12 139.80 129.96 4.53 39.85 20.62 19.23 48.25 11.74
2 8 Nov-99 2.12 1.45 125.44 125.46 125.45 4.69 36.24 24.72 11.52 31.78 6.49
2 8 Dec-99 2.43 2.21 119.37 111.15 115.26 4.43 39.46 32.99 6.46 16.38 1.54
2 8 Jan-00 1.81 2.04 110.13 140.54 125.34 4.33 28.60 32.69 -4.09 -14.29 -1.85
2 8 Feb-00 2.02 2.00 123.17 134.30 128.73 5.05 37.17 36.89 0.28 0.74 0.14
2 8 Mar-00 1.91 1.88 123.13 159.12 141.12 5.10 35.54 34.98 0.56 1.57 0.29
3 3 Feb-99 2.22 1.43 122.37 162.01 142.19 4.65 37.71 24.29 13.42 35.59 7.47
3 3 Mar-99 1.98 0.67 118.37 142.82 130.60 4.44 31.84 11.26 20.58 64.64 17.63
3 3 Apr-99 1.80 1.09 87.44 236.35 161.90 3.35 21.55 12.91 8.64 40.10 6.09
3 3 May-99 2.19 1.28 73.69 60.89 67.29 2.97 23.44 12.80 10.64 45.40 5.81
3 3 Jun-99 1.50 0.93 122.80 148.84 135.82 4.48 24.54 15.21 9.33 38.02 7.81
3 3 Jul-99 1.58 0.57 122.80 142.92 132.86 4.47 25.71 9.22 16.49 64.12 16.67
3 3 Aug-99 2.13 1.60 132.81 173.03 152.92 4.85 37.61 26.05 11.57 30.75 5.04
3 3 Sep-99 1.80 0.46 232.15 164.12 198.13 8.55 59.85 12.48 47.37 79.14 42.60
3 3 Oct-99 2.44 0.92 113.21 155.30 134.25 4.19 38.04 12.46 25.58 67.24 15.02
3 3 Nov-99 2.12 1.60 68.16 68.06 68.11 2.67 20.65 15.66 4.99 24.16 2.74
3 3 Dec-99 2.34 3.01 69.89 109.49 89.69 2.76 23.34 35.01 -11.66 -49.96 -2.55
3 3 Jan-00 1.81 2.03 107.64 95.07 101.35 4.41 29.21 32.81 -3.60 -12.34 -1.81
3 3 Feb-00 2.02 2.38 120.95 79.16 100.06 5.27 38.75 45.77 -7.02 -18.11 -3.20
3 3 Mar-00 1.87 2.61 120.91 699.72 410.31 5.28 36.05 50.31 -14.26 -39.57 -6.43
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Exhibit B-12
Period-of-Record, Quarterly, and Monthly Summaries of Sediment Data from the ENR Test Cells, February 1999 - March 2000

Density Solids Bulk Den Vol Solids TP TIP TKN TOC g/m2
Treatmenta Cell Date (g/cm3) (%) (g/cm3) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Period of Record 
1 13 1999-2000 1.18 40.82 0.48 42.25 319.4 273.0 6579.7 61266.7 15
2 8 1999-2000 1.93 73.39 1.42 10.11 830.7 792.7 125.6 4571.7 118
3 3 1999-2000 1.91 72.95 1.39 6.76 886.2 863.6 93.0 3573.3 123

Quarterly  
1 13 Qtr-3 0.91 41.28 0.38 424.1 419.1 16

Qtr-4 1.23 40.67 0.50 42.25 318.1 257.4 1071.5 48850.0 16
Qtr-5 1.26 42.07 0.54 276.2 223.9 3217.5 36150.0 15
Qtr-6 1.27 38.73 0.49 281.4 224.0 15450.0 98800.0 14
Qtr-7 -- -- -- -- -- -- -- --

2 8 Qtr-3 1.92 69.94 1.34 816.7 823.2 110
Qtr-4 2.00 76.08 1.52 10.11 817.1 734.2 51.8 4915.0 124
Qtr-5 1.88 74.05 1.40 808.6 744.1 135.0 2850.0 113
Qtr-6 1.84 72.92 1.34 860.6 843.5 190.0 5950.0 115
Qtr-7 2.05 72.50 1.49 858.8 858.5 128

3 3 Qtr-3 1.90 68.69 1.31 959.0 952.1 125
Qtr-4 1.89 74.00 1.40 6.76 823.0 774.5 72.4 5170.0 115
Qtr-5 1.88 73.58 1.39 901.9 851.9 76.5 1900.0 125
Qtr-6 1.90 73.28 1.39 907.5 908.9 130.0 3650.0 126
Qtr-7 2.00 74.25 1.49 852.5 858.6 127

Monthly
1 13 Feb-99 0.92 31.40 0.32 467.7 454.0 15

Apr-99 0.90 51.15 0.43 380.5 384.1 17
May-99 1.16 39.50 0.46 367.9 306.8 1071.5 48850.0 17
Jun-99 1.25 42.00 0.52 42.25 300.1 237.7 16
Jul-99 1.28 40.50 0.52 286.3 227.6 15
Aug-99 1.23 48.50 0.61 295.5 243.6 18
Sep-99 1.31 41.45 0.54 275.8 238.1 3217.5 36150.0 15
Oct-99 1.25 36.25 0.45 257.4 189.9 12
Nov-99 1.29 42.45 0.55 277.5 200.9 15
Dec-99 1.25 35.00 0.44 285.4 247.1 15450.0 98800.0 13
Jan-00 -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- --

2 8 Feb-99 1.91 70.08 1.34 863.4 861.1 116
Apr-99 1.93 69.80 1.35 770.1 785.3 104
May-99 1.93 70.00 1.35 832.7 737.0 51.8 4915.0 112
Jun-99 2.04 81.00 1.65 10.11 802.3 744.5 133
Jul-99 2.02 77.25 1.56 816.5 721.2 127
Aug-99 1.70 67.00 1.14 859.7 803.3 98
Sep-99 2.02 79.45 1.60 747.4 696.5 135.0 2850.0 120
Oct-99 1.94 75.70 1.47 793.1 702.8 116
Nov-99 1.71 73.25 1.25 953.6 845.1 119
Dec-99 1.90 70.00 1.33 828.8 840.2 190.0 5950.0 110
Jan-00 1.90 75.50 1.43 799.3 845.2 115
Feb-00 2.08 76.50 1.59 740.4 749.3 118
Mar-00 2.03 68.50 1.38 977.2 967.8 135

3 3 Feb-99 1.90 67.55 1.28 1034.4 1030.8 133
Apr-99 1.90 69.83 1.33 883.6 873.4 117
May-99 1.80 70.50 1.27 866.7 735.4 72.4 5170.0 110
Jun-99 1.91 78.00 1.49 6.76 873.3 764.0 130
Jul-99 1.96 73.50 1.44 729.1 824.0 105
Aug-99 1.73 66.50 1.15 959.5 892.8 110
Sep-99 1.98 77.65 1.54 903.8 877.5 76.5 1900.0 139
Oct-99 1.94 76.60 1.48 842.5 785.3 125
Nov-99 1.90 78.40 1.45 1017.2 962.8 148
Dec-99 1.85 71.00 1.32 821.4 860.9 130.0 3650.0 108
Jan-00 1.95 73.00 1.42 883.8 903.1 126
Feb-00 2.00 74.00 1.48 832.6 803.2 123
Mar-00 2.00 74.50 1.49 872.4 914.1 130

a Treatment 1 was operated as a batch system from January - March 2000; these data are presented in Appendix E.
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EXHIBIT B-13
Non-Reactive Phosphorus Data Summary for PSTA Test Cell Sediments, February 1999 - March 2000

Sampling Moisture TP NaHCO3 Pi NaHCO3TP
Labile

 Po HClPi

Alkali 
Hydrolyz Po 
(NaOH TP) Residual Po

Treatment Soil Date % (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 PE 9/30/99 29.45 450.9 13.97 17.42 3.45 108.6 -3.4 34.7

PE 9/30/99 48.56 275.2 20.02 21.08 1.06 156.0 -7.5 45.4
PE 12/28/99 59.8 291.5 14.54 23.51 8.97 250.9 -25.61 67.64
PE 3/6/00 48.4 383.6 44.54 45.67 1.13 236.2 -25.5 60.5
PE 6/15/00 -- 331.2 31.28 39.02 7.74 191.4 -13.2 56.3

2 SR 9/30/99 18.01 850.7 3.66 4.08 0.42 489.5 4.3 94.4
SR 12/28/99 23.8 766.9 2.54 3.58 1.05 840.2 -29.61 46.23
SR 12/28/99 24.3 820.3 2.34 2.60 0.25 797.7 -28.76 51.16
SR 3/6/00 20.8 920.9 1.86 4.73 2.87 923.3 -35.1 69.2
SR 3/6/00 22.1 841.2 3.00 5.42 2.41 817.8 -28.3 54.3

3 SR 9/30/99 18.53 844.2 4.16 4.54 0.38 766.7 11.6 60.1
SR 12/28/99 22.6 858.0 2.70 3.68 0.98 942.5 -34.21 54.13
SR 3/6/00 18.1 705.2 3.93 4.83 0.90 693.3 -19.8 48.4

Notes:
Data represent composite samples collected from the 1/3 and 2/3 walkways within each Test Cell.
Identical sampling dates include duplicate results.
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of shellrock soils in Treatment 2 was somewhat variable, ranging from 98 to 135 g/m2 and
averaging 115 g/m2 since startup.

In Treatment 3 (Test Cell 3), monthly TP concentrations averaged 886 mg/kg with an
average TIP concentration of 864 mg/kg. TP and TIP were highest during the initial
sampling event (February 1999) and have been relatively constant since that time. The TP
stored in the top 10 cm of shellrock soils in Treatment 3 was variable, ranging from 105 to
139 g/m2 with an average of 123 g/m2.

B.7.3 Nitrogen
The peat soils of Treatment 1 (Test Cell 13) exhibited an average TKN concentration of
6,580 mg/kg. In contrast to the peat soils in Treatment 1, Treatments 2 and 3 displayed
lower average TKN measurements of 126 and 93 mg/kg, respectively.

B.7.4 Volatile Solids and Total Organic Carbon
The peat soils of Treatment 1 (Test Cell 13) exhibited a greater average volatile solids
(42 percent) and TOC concentration (61,267 mg/kg) in comparison to the mineral soils of
Treatments 2 and 3 (Test Cells 8 and 3, respectively). Volatile solids in Treatments 2 and 3
averaged 10 and 6.8 percent, respectively, and TOC concentrations averaged 4,572 and
3,573 mg/kg, respectively.

B.8 Biological Analyses
Algal and macrophytic plant communities are being closely monitored in the PSTA Test
Cells. The indices chosen for these studies are intended to characterize the changes in these
plant communities over time and to contrast the effects of various experimental treatments.
Measured parameters include percent cover, biomass, species composition, algal cell counts
and biovolumes, chlorophyll, and nutrient content with an emphasis on phosphorus. In
addition to these population-level studies, ecosystem-level response is being estimated
using DO dynamics as an indicator of community metabolism.

B.8.1 Plant Cover
Plant cover in the PSTA Test Cells was estimated visually each month. An observer
estimated cover of each of the following five plant groups in three zones within each PSTA
Test Cell:

•  Blue-green algal mat
•  Green algal mat
•  Floating aquatic plants
•  Submerged aquatic plants
•  Emergent macrophytes

The three zones used for estimating plant cover are the areas delimited by the two
boardwalks in each cell. Plant cover is estimated in 1 of 10 cover categories, and the mid-
value of each category is used for averaging cover values from the three zones. These
10 cover categories include:
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1. <1 percent
2. 1–5 percent
3. 5–10 percent
4. 10–25 percent
5. 25–50 percent

6. 50–75 percent
7. 75–90 percent
8. 90–95 percent
9. 95–99 percent
10. >99 percent

A test of this semi-quantitative plant cover estimation technique was conducted in October.
Three of the PSTA researchers independently estimated percent cover in the PSTA Test
Cells using this method. Exhibit B-14 illustrates the results of this comparison. Based on this
test, it was found that one of the three researchers was identifying the presence of floating
aquatic plants in the Test Cells and one was underestimating the presence of green algal
mats. These inconsistencies were eliminated in data collection efforts after October 1999.

Exhibit B-15 summarizes the plant cover estimates for the PSTA Test Cells for Phase 1. Data
are presented by treatment number. Plant cover has increased dramatically in all three of
the PSTA Test Cells. This cover is dominated by macrophytes in all cells. For Phase 1,
Treatment 1 (Test Cell 13) had an estimated total plant cover of 124 percent, indicating the
presence of multiple plant strata, with individual cover contributions of 71, 32, and
20 percent cover by submerged aquatic plants, algal mats, and emergent macrophytes,
respectively. Macrophyte cover in this peat-based cell is dominated by the submerged
aquatic plants hydrilla (Hydrilla verticillata) and stonewort (Chara sp.). Blue-green algal mats
covered approximately 83 percent of this cell during the November 1999 sampling event.
Coverage by green algal mats and floating aquatic plants was insignificant. Emergent
macrophyte cover is approximately evenly shared by the planted species spikerush
(Eleocharis cellulosa) and volunteer specimens of cattail (Typha sp).

In contrast to the peat-based Test Cell, Treatments 2 and 3 (Test Cells 8 and 3, respectively)
with shellrock substrate had less cover by all species of plants. Total plant cover over the
period of record was estimated as 54 percent in Treatment 2 and 44 percent in Treatment 3.
Cover in these cells is also dominated by submerged and emergent macrophytes, principally
stonewort, southern naiad (Najas guadalupensis), bladderwort (Utricularia sp.), spikerush,
and smaller populations of cattails. Total macrophyte cover is higher in Treatment 2
(47 percent) compared to Treatment 3 (36 percent) principally because of higher submerged
aquatic macrophyte cover in Treatment 2. Algal mat percent cover has been variable from
month to month, peaking in March 2000 at approximately 18 percent in Treatment 2 and in
January 2000 at approximately 19 percent in Treatment 3.

B.8.2 Periphyton Community
Periphyton cores were collected monthly from the PSTA Test Cells. A single sample is
collected from a randomly selected location along each of the two boardwalks and analyzed
separately. This sample is delineated by a large water column sampling tube (206 cm2

bottom area), and several smaller benthic cores (12.4 cm2 each) or the entire mat are col-
lected inside of this column. All floating, submerged, and rooted plant material is removed
from the column sampler prior to coring the benthic algae. Macrophytes are handled
separately for identification and dry weight analysis. Water and periphyton are blended and



Exhibit B-14
Comparison of Test Cell Percent Cover Estimates by Three Researchers in
October 1999
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Exhibit B-15
Period-of-Record, Quarterly, and Monthly Summaries of Algae and Macrophyte Percent Cover Estimates for the PSTA Test Cells, February 1999 - March 2000

Treatmenta Cell Date

Blue-
Green 
Algal 
Mat

Green 
Algal 
Mat

Emergent 
Macrophytes

Floating 
Aquatic 
Plants

Submerged 
Aquatic Plants

Algal 
Mat % 
Cover

Macrophyte % 
Cover

Total % 
Cover

Period of Record 
1 13 1999- 2000 29% 3% 20% 0% 71% 32% 91% 124%
2 8 1999- 2000 4% 3% 15% 0% 32% 7% 47% 54%
3 3 1999- 2000 5% 4% 17% 0% 19% 8% 36% 44%

Quarterly
1 13 Qtr-3 4% 4% 4% 0% 22% 8% 26% 34%

Qtr-4 10% 0% 14% 0% 94% 11% 108% 119%
Qtr-5 69% 2% 31% 0% 96% 71% 127% 197%
Qtr-6 48% 9% 46% 0% 99% 57% 144% 201%
Qtr-7 -- -- -- -- -- -- --

2 8 Qtr-3 2% 2% 2% 0% 2% 4% 4% 9%
Qtr-4 3% 0% 8% 0% 15% 3% 24% 27%
Qtr-5 3% 1% 22% 0% 64% 4% 86% 91%
Qtr-6 8% 4% 27% 0% 59% 11% 86% 97%
Qtr-7 4% 14% 21% 0% 28% 17% 48% 66%

3 3 Qtr-3 3% 2% 2% 0% 3% 5% 5% 10%
Qtr-4 4% 0% 14% 0% 19% 4% 33% 37%
Qtr-5 10% 1% 20% 0% 28% 10% 48% 58%
Qtr-6 7% 5% 31% 0% 31% 11% 62% 74%
Qtr-7 1% 13% 24% 0% 18% 14% 42% 55%

Monthly
1 13 Feb-99 1% 0% 2% 0% 9% 1% 11% 12%

Mar-99 1% 0% 2% 0% 13% 1% 16% 17%
Apr-99 14% 14% 8% 0% 54% 28% 62% 90%
May-99 3% 0% 8% 0% 97% 3% 105% 108%
Jun-99 11% 0% 18% 0% 93% 11% 110% 121%
Jul-99 18% 1% 18% 0% 93% 18% 110% 128%
Oct-99 69% 2% 31% 0% 96% 71% 127% 197%
Nov-99 83% 5% 61% 0% 97% 87% 158% 245%
Dec-99 14% 13% 31% 0% 100% 27% 131% 158%
Jan-00 -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- --

2 8 Feb-99 0% 0% 1% 0% 0% 0% 1% 2%
Mar-99 1% 0% 2% 0% 1% 1% 3% 4%
Apr-99 8% 8% 3% 0% 8% 15% 11% 26%
May-99 2% 0% 3% 0% 11% 3% 14% 17%
Jun-99 3% 0% 11% 0% 18% 3% 28% 31%
Jul-99 3% 1% 11% 0% 18% 4% 28% 32%
Oct-99 3% 1% 22% 0% 64% 4% 86% 91%
Nov-99 14% 2% 26% 0% 89% 17% 115% 132%
Dec-99 3% 2% 18% 0% 69% 5% 87% 92%
Jan-00 6% 6% 38% 0% 18% 12% 55% 67%
Feb-00 3% 14% 18% 0% 38% 17% 55% 72%
Mar-00 5% 14% 24% 0% 18% 18% 42% 60%

3 3 Feb-99 1% 0% 1% 0% 0% 1% 1% 2%
Mar-99 1% 1% 2% 0% 2% 2% 4% 6%
Apr-99 8% 8% 3% 0% 8% 15% 11% 26%
May-99 5% 0% 8% 0% 21% 5% 28% 33%
Jun-99 3% 0% 18% 0% 18% 3% 35% 38%
Jul-99 3% 1% 18% 0% 18% 4% 35% 39%
Oct-99 10% 1% 20% 0% 28% 10% 48% 58%
Nov-99 8% 2% 46% 0% 61% 10% 107% 117%
Dec-99 3% 2% 18% 0% 24% 6% 42% 47%
Jan-00 9% 9% 31% 0% 8% 19% 38% 57%
Feb-00 2% 16% 24% 0% 18% 18% 42% 59%
Mar-00 0% 9% 24% 0% 18% 9% 42% 51%

a Treatment 1 was operated as a batch system from January - March 2000; these data are presented in Appendix E.
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composited so that they represent a collection from a known bottom surface area. Data for
algal counts, chlorophyll, phosphorus, etc. are reported as the mass per m2 of bottom area. It
is difficult to sample the benthic algae without incorporating an unwanted and unquantified
amount of soil in the samples. This problem was particularly acute at the beginning of the
project before development of a relatively discrete benthic algal mat. The periphyton data
must be evaluated with this sampling difficulty in mind. All biomass samples include a
component of soil; however, the nature of this soil is very different between the shellrock
and peat treatments, and the proportion of soil in these samples has declined during the
period of study.

Exhibit B-16 summarizes periphyton sample data for the PSTA Test Cells since the begin-
ning of the study. Biomass numbers must be interpreted in light of the cautions described
above. The peat soils in Treatment 1 (Test Cell 13) are highly organic, and their occurrence
in samples is demonstrated by the very high ash-free dry weights recorded from the period
prior to significant periphyton development in February 1999 through May 1999. The
fraction of this material sampled was greatly reduced in the samples collected since May
1999, and data from June 1999 through December 1999 provide a better estimate of the
actual average periphyton ash-free dry weight biomass in this treatment (between 119 and
833 g/m2). Ash weights for these samples indicate a fairly large mineral residue. A large
fraction of this ash appears to be calcium (20 to 74 percent).

Chlorophyll provides a more direct method of estimation of algal populations in these
periphyton samples. Chlorophyll concentration corrected for phaeophytin averaged
208 milligrams per square meter (mg/m2) in Treatment 1 (Test Cell 13) samples and was
much lower in the shellrock mesocosms with 51 and 30 mg/m2 in Treatments 2 and 3 (Test
Cells 8 and 3), respectively.

TP, TIP, and TKN concentrations measured in these samples were variable throughout the
period-of-record. Periphyton TP in Treatment 1 (Test Cell 13) averaged 0.51 g/m2 for the
period from June through October. TIP averaged 0.091 g/m2 during this period, or approxi-
mately 20 percent of the periphyton TP. The average TP in the periphyton in Treatments 2
and 3 (Test Cells 8 and 3, respectively) averaged between 0.16 and 0.28 g/m2 with
approximately 28 to 30 percent of that phosphorus in inorganic forms. Exhibit B-17 provides
the Test Cell NRP periphyton data for the study period.

Detailed algal taxonomy and cell counts are being conducted on these periphyton samples.
Although incorporated soils sometimes make counting imprecise, these cell numbers and
their associated volumes provide the best indicator of actual periphyton community
structure. Exhibit B-16 summarizes the algal taxomony results for the study period. Detailed
summaries of algae cell counts and biovolumes for the Porta-PSTAs are summarized in
Exhibits B-18 and B-19 respectively.

Estimated periphyton ash-free dry weight biomass in the samples from Treatments 2 and 3
(Test Cells 8 and 3, respectively) was generally lower than in Treatment 1 (Test Cell 13),
averaging between 417 and 344 g/m2 during the period-of-record. Macrophyte biomass
results are provided in Exhibit B-20.



Exhibit B-16
Period-of-Record, Quarterly, and Monthly Summaries of Periphyton Data from the ENR Test Cells, February 1999 - March 2000

Ca Chl_a (corr) Pheo_a TP TIP TKN Biovolume
Treatmenta Cell Date Dry Wt Ash Wt AFDW (g/m2) (mg/m2) (mg/m2) (g/m2) (g/m2) (g/m2) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (cm3/m2) Evenness SWDI

Period of Record 
Period of Record 

1 13 1999- 2000 2065.9 1348.1 711.4 299.6 207.5 39.7 0.838 0.199 7.59 54681.3 8.9 2032.7 9.8 5547.4 9.0 103.6 1.0 62306.3 28.0 20.55 0.701 3.27
2 8 1999- 2000 535.0 416.7 118.4 96.6 50.7 8.1 0.286 0.097 3.98 112360.6 12.7 3857.6 10.5 1626.3 5.9 119.5 2.5 117873.5 29.7 11.55 0.716 3.48
3 3 1999- 2000 461.3 344.3 117.2 66.8 29.9 6.4 0.175 0.043 0.99 36486.2 11.7 1477.0 10.8 1772.0 7.4 134.0 2.6 39453.5 31.0 3.14 0.736 3.63

Quarterly
1a 13 Qtr-3 3236.1 2014.4 1023.6 544.8 47.1 22.0 1.605 0.320 -- 5752.3 1.5 1774.9 10.5 780.9 3.0 0.0 0.0 8308.1 15.0 1.37 0.793 2.99

Qtr-4 3019.6 2043.3 981.9 405.5 279.9 79.2 1.145 0.334 9.21 25712.5 6.7 3859.1 15.7 9511.9 9.8 0.0 0.0 39083.4 32.2 21.36 0.700 3.48
Qtr-5 1360.5 868.7 492.9 203.5 249.2 22.0 0.458 0.096 8.64 71167.7 12.5 367.4 4.3 5105.6 10.7 101.2 0.9 76732.1 28.2 14.80 0.694 3.33
Qtr-6 523.2 358.3 164.9 87.5 197.0 24.5 0.181 0.031 4.91 122333.8 14.3 2048.8 8.3 5029.8 11.0 174.9 1.5 129500.0 34.3 47.13 0.625 3.16
Qtr-7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

2 8 Qtr-3 521.0 418.4 103.1 140.5 13.0 1.3 0.222 0.077 4024.7 4.0 817.2 12.5 1417.3 11.0 58.4 3.3 6281.1 28.5 3.63 0.665 3.19
Qtr-4 744.2 576.2 168.0 131.1 27.8 6.9 0.512 0.268 1.68 18075.2 11.8 2660.8 15.7 1169.0 7.8 12.6 0.3 21913.4 35.5 18.78 0.741 3.81
Qtr-5 599.4 451.6 147.8 71.9 38.5 5.4 0.129 0.038 4.17 37915.7 14.2 2266.8 8.3 1491.7 5.7 158.5 2.8 41768.5 30.0 3.21 0.722 3.54
Qtr-6 415.4 334.5 81.0 79.1 59.7 19.7 0.291 0.043 6.10 148695.3 16.5 3541.0 8.5 1903.6 3.2 25.5 0.5 154148.4 28.3 13.57 0.702 3.37
Qtr-7 348.2 267.4 80.8 76.7 125.6 0.4 0.238 0.033 419290.2 14.8 11554.3 6.8 2306.9 2.5 0.0 0.0 433151.4 24.0 18.14 0.744 3.36

3 3 Qtr-3 399.5 323.0 77.2 130.3 12.9 8.6 0.224 0.028 1480.9 4.3 557.0 12.3 661.5 10.0 165.2 2.8 2794.2 28.3 0.82 0.773 3.69
Qtr-4 587.2 438.5 148.6 77.1 26.5 13.5 0.288 0.104 0.64 14216.6 11.3 1443.0 15.2 1235.5 8.2 48.0 1.8 16921.7 35.5 2.61 0.743 3.82
Qtr-5 642.2 484.3 158.0 50.4 14.6 3.0 0.073 0.019 1.65 26083.8 12.8 958.1 7.5 673.0 6.5 150.7 2.9 27833.5 29.2 1.82 0.693 3.37
Qtr-6 221.1 156.1 65.5 24.3 36.2 3.5 0.068 0.010 0.35 18413.2 13.2 1503.1 9.4 2068.8 3.8 0.0 0.0 20475.4 26.4 4.41 0.742 3.49
Qtr-7 363.2 249.3 113.9 57.9 66.9 2.2 0.232 0.048 143090.7 16.3 3193.8 9.8 4964.8 9.3 0.0 0.0 151063.0 35.3 6.62 0.748 3.83

Monthly
1 13 Feb-99 1718.1 1090.7 627.4 338.0 65.9 14.6 0.872 0.041 61.3 0.5 397.8 8.0 195.4 3.0 0.0 0.0 654.5 11.5 0.24 0.890 3.05

Apr-99 4754.1 2938.1 1816.1 751.7 28.3 29.4 2.338 0.598 11443.3 2.5 3152.0 13.0 1366.4 3.0 0.0 0.0 15961.8 18.5 2.50 0.695 2.93
May-99 5040.6 3351.8 1688.8 641.9 211.6 112.4 1.635 0.716 9.21 18197.7 4.0 6431.9 24.5 6058.5 10.5 0.0 0.0 30688.0 39.0 18.38 0.698 3.68
Jun-99 2677.3 1914.5 762.8 349.9 419.3 106.3 1.139 0.044 42063.3 7.5 4137.7 13.0 20361.6 9.0 0.0 0.0 66562.6 29.5 29.75 0.710 3.45
Jul-99 1340.9 863.6 494.3 224.7 208.7 18.9 0.662 0.243 16876.5 8.5 1007.7 9.5 2115.5 10.0 0.0 0.0 19999.6 28.0 15.96 0.692 3.32
Aug-99 1083.7 751.7 335.4 249.2 121.3 6.6 0.402 0.141 18782.1 9.0 338.8 4.5 3194.5 8.5 0.0 0.0 22315.3 22.0 13.01 0.690 3.08
Sep-99 1084.5 774.1 310.4 144.2 234.3 39.7 0.321 0.076 8.64 42578.2 14.5 543.4 5.0 6172.5 11.5 0.0 0.0 49294.1 31.0 20.75 0.765 3.79
Oct-99 1913.2 1080.2 833.1 171.2 391.8 19.9 0.651 0.072 152142.7 14.0 219.9 3.5 5949.8 12.0 274.5 2.0 158586.9 31.5 10.63 0.628 3.12
Nov-99 696.0 485.3 210.7 96.0 144.7 13.5 0.280 0.040 105526.3 13.5 703.2 4.0 6425.2 10.5 174.9 1.5 112829.6 29.5 39.66 0.643 3.11
Dec-99 350.5 231.4 119.1 79.0 249.3 35.5 0.082 0.022 4.91 139141.4 15.0 3394.5 12.5 3634.5 11.5 0.0 0.0 146170.3 39.0 54.59 0.607 3.21
Jan-00 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

2 8 Feb-99 339.6 300.1 39.5 187.4 22.4 1.8 0.157 0.010 2210.7 3.5 719.0 14.0 790.6 8.0 0.0 0.0 3720.3 25.5 5.82 0.697 3.23
Apr-99 702.5 536.8 166.8 93.6 3.6 0.9 0.287 0.145 5838.6 4.5 915.4 11.0 2044.0 14.0 87.3 4.0 8841.8 31.5 1.45 0.634 3.16
May-99 952.5 752.2 200.3 175.6 35.5 17.7 0.705 0.372 1.68 8660.9 10.0 1921.1 23.5 778.4 8.0 0.0 0.0 11360.4 41.5 8.52 0.718 3.86
Jun-99 798.6 622.7 175.9 131.1 24.0 2.2 0.584 0.302 28889.4 12.0 3743.3 14.5 1367.7 8.5 0.0 0.0 34000.4 35.0 45.37 0.746 3.83
Jul-99 481.4 353.6 127.8 86.7 23.9 0.7 0.247 0.129 16675.4 13.5 2317.8 9.0 1361.1 7.0 25.2 0.5 20379.4 30.0 2.43 0.759 3.73
Aug-99 460.8 369.1 91.7 78.1 21.3 0.6 0.077 0.051 33310.0 14.0 4598.4 11.0 646.4 6.0 24.4 0.5 38579.1 31.5 3.95 0.703 3.49
Sep-99 711.8 561.8 150.0 92.7 86.8 13.5 0.255 0.056 4.17 65353.8 13.5 1610.3 6.0 3492.3 6.5 166.1 1.5 70622.4 27.5 4.90 0.723 3.46
Oct-99 625.6 423.8 201.7 38.8 7.3 2.1 0.054 0.008 15083.2 15.0 591.6 8.0 336.6 4.5 82.1 3.5 16103.9 31.0 0.78 0.739 3.67
Nov-99 440.5 341.2 99.3 48.5 10.8 1.8 0.044 0.009 24718.6 13.5 1022.3 6.5 362.0 3.5 25.5 0.5 26128.4 24.0 1.89 0.752 3.45
Dec-99 771.8 637.8 134.0 147.3 109.6 55.0 0.704 0.101 6.10 271493.7 17.0 6137.6 10.5 4388.9 3.5 0.0 0.0 282020.2 31.0 31.57 0.632 3.13
Jan-00 161.1 127.8 33.3 41.6 59.1 8.0 0.124 0.019 149873.6 19.0 3463.0 8.5 960.0 2.5 0.0 0.0 154296.6 30.0 7.25 0.723 3.55
Feb-00 394.0 296.3 97.8 75.6 150.5 0.0 0.219 0.004 268380.6 15.0 7252.7 7.5 2784.2 4.0 0.0 0.0 278417.5 26.5 12.69 0.762 3.51
Mar-00 302.5 238.6 63.9 77.9 100.7 0.7 0.258 0.061 570199.8 14.5 15855.9 6.0 1829.6 1.0 0.0 0.0 587885.3 21.5 23.58 0.727 3.21

3 3 Feb-99 413.2 353.0 60.2 187.7 23.8 15.3 0.272 0.018 1599.1 3.5 782.8 12.0 346.4 6.0 6.6 0.5 2734.9 22.0 0.54 0.787 3.51
Apr-99 385.7 293.0 94.2 44.2 1.9 1.9 0.152 0.043 1362.7 5.0 331.2 12.5 976.7 14.0 182.9 3.0 2853.4 34.5 1.10 0.759 3.87
May-99 307.2 199.1 108.2 35.0 13.7 4.0 0.087 0.033 0.64 4301.5 8.5 962.0 18.0 696.0 11.0 23.6 1.5 5983.1 39.0 1.23 0.725 3.83
Jun-99 990.6 765.4 225.1 137.5 40.6 30.3 0.603 0.210 18152.8 11.5 2056.5 17.0 1175.9 6.0 0.0 0.0 21385.2 34.5 3.55 0.714 3.64
Jul-99 463.8 351.0 112.4 58.7 25.4 6.2 0.174 0.070 20195.5 14.0 1310.4 10.5 1834.6 7.5 56.3 1.0 23396.8 33.0 3.05 0.792 3.99
Aug-99 480.4 382.5 97.9 42.9 27.8 3.6 0.053 0.025 46884.2 17.0 2189.4 10.5 1085.9 8.0 56.5 1.0 50216.1 36.5 3.00 0.753 3.90
Sep-99 618.9 505.4 113.9 66.3 5.7 0.7 0.114 0.019 1.65 12434.9 10.5 294.2 5.0 630.8 7.5 120.2 3.5 13480.2 26.5 1.03 0.645 3.05
Oct-99 827.3 565.1 262.2 49.6 10.4 4.6 0.053 0.014 18932.3 11.0 390.7 7.0 302.4 4.0 148.9 2.5 19804.3 24.5 1.44 0.682 3.14
Nov-99 499.2 347.9 152.5 52.7 84.6 7.1 0.135 0.016 27733.4 12.5 3209.1 11.5 4952.5 5.5 0.0 0.0 35895.0 29.5 9.43 0.731 3.55
Dec-99 51.5 39.1 12.4 7.7 2.0 0.5 0.029 0.007 0.35 8503.3 12.0 288.1 11.0 41.2 2.0 0.0 0.0 8832.6 25.0 1.66 0.720 3.34
Jan-00 27.7 22.8 5.0 4.3 4.9 1.4 0.020 0.005 14047.9 14.5 404.6 6.5 198.8 3.0 0.0 0.0 10877.2 24.0 0.75 0.765 3.51
Feb-00 317.9 223.0 94.9 36.9 39.5 0.2 0.183 0.024 66597.0 17.0 1361.2 11.0 2182.7 10.5 0.0 0.0 70141.0 38.5 3.34 0.736 3.87
Mar-00 408.6 275.7 132.9 78.9 94.4 4.2 0.280 0.072 219584.4 15.5 5026.4 8.5 7746.9 8.0 0.0 0.0 231985.1 32.0 9.90 0.760 3.80

Notes:
SWDI = Shannon-Weaver Diversity Index

Periphyton Biomass (g/m2) Other Taxa Total TaxaBlue Green Algae Diatoms Green Algae
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EXHIBIT B-17
Non-Reactive Phosphorus Data Summary for PSTA Test Cell Periphyton, February 1999 - March 2000

Sampling Moisture TP NaHCO3 Pi NaHCO3TP Labile Po HClPi
Alkali Hydrolyz Po 

(NaOH TP) Residual Po
Treatment Soil Date % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg Comments

1 PE 06/15/1999 -- 611.8 8.39 50.90 42.50 124.3 11.6 139.5 See Footnote
PE 06/15/1999 -- 554.2 4.20 37.70 33.50 116.6 -1.3 129.8 See Footnote
PE 10/08/1999 93.9 370.6 2.23 342.12 339.88 187.8 33.23 80.70
PE 12/28/1999 96.3 349.4 2.32 428.17 425.85 104.3 44.32 88.59
PE 12/28/1999 95.9 253.0 2.44 817.38 814.94 224.7 -1.78 123.00
PE 03/06/2000 94.7 431.4 1.48 190.02 188.54 63.0 37.0 65.6

2 SR 10/08/1999 96.2 182.2 2.61 180.56 177.95 55.5 28.96 62.97
SR 10/08/1999 96.6 345.1 2.09 199.86 197.78 71.6 47.53 71.30
SR 12/28/1999 86.1 423.7 1.57 83.51 81.94 143.1 17.12 56.93
SR 03/06/2000 91.4 620.4 1.80 98.56 96.76 429.5 27.3 90.0
SR 03/06/2000 90.2 472.1 1.36 105.90 104.54 217.3 43.9 72.5

3 SR 06/15/1999 -- 678.3 3.16 38.30 35.10 328.8 4.5 -- See Footnote
SR 10/08/1999 94.9 358.7 1.92 245.06 243.14 53.9 33.01 47.67
SR 12/28/1999 94.5 332.9 3.63 282.99 279.36 87.0 23.11 93.97
SR 03/06/2000 91.6 1255.4 3.21 228.61 225.40 363.2 33.4 125.5

Notes:

From Comment section in Report NO. 99-9

Several problems were encountered in analyzing periphyton samples for reactive and non reactive phosphorus forms

   1) Water samples provided to us contained small amounts of periphyton.

  2) On a dry weight basis, < 100 mg of sample was available for all analysis.

  3) Use of small samples (< 20-mg dry weight basis) in sequential extraction scheme results in serious carryover effects.  This results in unrealistic values for each of the P fractions.

This problem was reported to Dr. R.L. Knight.  Recommendation was made to provide a larger sample of bulk periphyton for analysis.

Data reported in Report 99-9 for periphyton P fractionation should be treated with caution.  Our recommendation is not to use these data in developing nay conclusions from the experiment.
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EXHIBIT B-18
ENR PSTA Test Cell Average Algal Cell Counts (# cells/m2 X 10-6), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ACH CHI SU 4 ACHNANTHES CHILENSIS V SUBAEQUALIS -- -- --
ACH EXI 4 ACHNANTHES EXIGUA 104.3 43.4 28.3
ACHN MIN 4 ACHNANTHIDIUM MINUTISSIMUM 116.1 213.2 302.8
AMP ACUTI 4 AMPHORA ACUTIUSCULA -- -- 20.4
AMP HOL 4 AMPHORA HOLSATICA 53.5 54.8 194.3
AMP LIN 4 AMPHORA LINEOLATA? -- -- 29.4
AMP OVA 4 AMPHORA OVALIS 321.5 14.8 50.4
AMP OVA AF 4 AMPHORA OVALIS V AFFINIS -- -- --
AMP PEL 4 AMPHIPLEURA PELLUCIDA -- -- --
AMP SAB 4 AMPHORA SABINIANA? -- -- --
AMP VEN 4 AMPHORA VENETA 111.2 54.8 40.5
ANA OSC 1 ANABAENA OSCILLARIOIDES -- -- --
ANK FAL 3 ANKISTRODESMUS FALCATUS 52.2 60.1 41.1
ANK NAN 3 ANKISTRODESMUS NANNOSELENE -- 51.9 27.7
ANK SPI 3 ANKISTRODESMUS SPIRALIS 188.2 168.4 217.1
APH CON 1 APHANOCAPSA CONFERTA -- 11520.9 2870.5
APH DEL 1 APHANOCAPSA DELICATISSIMA 9519.3 5786.8 6469.4
APH ELA 1 APHANOCAPSA ELACHISTA -- -- --
APH GRE 1 APHANOCAPSA GREVILLEI -- 9786.8 12939.6
APH INC 1 APHANOCAPSA INCERTA -- 29.3 --
APH PLA 1 APHANOCAPSA PLANCTONICA? 1349.5 4697.3 1342.5
APHA CLA 1 APHANOTHECE CLATHRATA -- 6098.4 --
APHA MIC 1 APHANOTHECE MICROSCOPICA -- -- --
APHA NID 1 APHANOTHECE NIDULANS -- -- --
APHA SAX 1 APHANOTHECE SAXICOLA -- -- --
APHA SMI 1 APHANOTHECE SMITHII 5686.6 11445.1 3356.6
APHA STA 1 APHANOTHECE STAGNINA 1898.1 12890.8 7439.5
APHA STA 1 APHANOTHECE STAGNINA? 1067.6 1694.3 1336.8
APHA VAR 1 APHANOTHECE VARIABILIS? -- -- --
APHN FLO 1 APHANIZOMENON FLOS-AQUAE -- 3361.8 --
ART GOM 1 ARTHOSPIRA GOMONTIANA? -- -- --
ART GOM 1 ARTHROSPIRA GOMONTIANA? -- -- 4534.1
ART JEN 1 ARTHROSPIRA JENNERI -- -- --
ART TEN 1 ARTHROSPIRA TENUIS? -- -- --
AUL ITA TE 4 AULACOSEIRA ITALICA V TENUISSIMA -- -- --
AUL LAX 1 AULOSIRA LAXA? 1063.7 -- --
BAC PAR 4 BACILLARIA PARADOXA -- -- --
BOT SUD 3 BOTRYOCOCCUS SUDETICUS -- 740.7 668.6
BRA VIT 4 BRACHYSIRA VITREA -- 22.5 29.4
CAP CAR 4 CAPONEA CARIBBEA -- -- --
CHA ENS 3 CHARACIUM ENSIFORME 148.6 -- 67.7
CHLO HUM 3 CHLOROCOCCUM HUMICOLA -- -- 32.5
CHR DIS 1 CHROOCOCCUS DISPERSUS 2046.0 836.6 1952.0
CHR DIS MI 1 CHROOCOCCUS DISPERSUS V MINOR -- 433.8 1043.2
CHR DIST 1 CHROOCOCCUS DISTANS 1358.7 51.1 793.8
CHR LIM 1 CHROOCOCCUS LIMNETICUS -- -- 130.3
CHR MIN 1 CHROOCOCCUS MINUTUS 881.5 1176.5 1308.8
CHR MINI 1 CHROOCOCCUS MINIMUS 1531.8 4926.6 2058.0
CHR PLA 1 CHROOCOCCUS PLANCTONICUS -- 1049.9 246.9
CHR PRE 1 CHROOCOCCUS PRESCOTTII 455.4 960.1 283.8
CHR TUR 1 CHROOCOCCUS TURGIDUS 109.4 181.3 210.9
CLO ACE 3 CLOSTERIUM ACEROSUM -- 12.6 --
CLO ACU 3 CLOSTERIUM ACUTUM 68.6 -- --
CLO DIA 3 CLOSTERIUM DIANAE 104.0 -- --
CLO INC 3 CLOSTERIUM INCURVUM 122.0 -- 119.9
CLO LUN MA 3 CLOSTERIUM LUNULA V MASSARTII -- 14.9 --
CLO PAR 3 CLOSTERIUM PARVULUM -- 137.1 --
COC PLA 4 COCCONEIS PLACENTULA -- -- --
COC PLA EU 4 COCCONEIS PLACENTULA V EUGLYPTA -- -- --

ENR South Test Cell PSTA Treatment
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EXHIBIT B-18
ENR PSTA Test Cell Average Algal Cell Counts (# cells/m2 X 10-6), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ENR South Test Cell PSTA Treatment

COC PLA LI 4 COCCONEIS PLACENTULA V LINEATA 105.3 -- --
COE KUE 1 COELOSPHAERIUM KUETZINGIANUM -- 474.1 --
COE MIC 3 COELASTRUM MICROPORUM -- 37.5 --
COE SPH 3 COELASTRUM SPHAERICUM 1207.7 315.4 615.5
COS ANG CO 3 COSMARIUM ANGULOSUM V CONCINNUM -- -- --
COS BAC 3 COSMARIUM BACCATUM -- -- --
COS BLY HO 3 COSMARIUM BLYTTII V HOFFII? -- -- --
COS BOT 3 COSMARIUM BOTRYTIS -- 54.2 13.0
COS CON 3 COSMARIUM CONTRACTUM 215.7 -- --
COS GRA 4 COSCINODISCUS GRANII -- -- --
COS GRAN 3 COSMARIUM GRANATUM -- -- --
COS IMP 3 COSMARIUM IMPRESSULUM -- -- --
COS MON 3 COSMARIUM MONILIFORME -- -- 56.8
COS NIT JA 3 COSMARIUM NITIDULUM V JAVANICUM 992.3 -- --
COS ORB 3 COSMARIUM ORBICULATUM -- -- --
COS ORN 3 COSMARIUM ORNATUM 122.3 -- --
COS ORT 3 COSMARIUM ORTHOSTICHUM -- -- --
COS POK 3 COSMARIUM POKORNYANUM -- -- --
COS POR 3 COSMARIUM PORTIANUM -- -- --
COS PUN 3 COSMARIUM PUNCTULATUM 58.5 -- --
COS REN 3 COSMARIUM RENIFORME 56.7 54.8 29.8
COS SUBR 3 COSMARIUM SUBRENIFORME 395.1 92.5 81.7
COS TEN 3 COSMARIUM TENUE -- -- --
COS TRI 3 COSMARIUM TRILOBULATUM 113.7 50.4 --
COS TUB 3 COSMOCLADIUM TUBURCULATUM 415.2 -- --
COS UND MI 3 COSMARIUM UNDULATUM V MINUTUM -- -- --
COS VEN EX 3 COSMARIUM VENUSTUM V EXCAVATUM 25.2 -- --
CRU API 3 CRUCIGENIA APICULATA 342.9 154.8 568.1
CRU CRU 3 CRUCIGENIA CRUCIFERA 927.5 214.2 --
CRU QUA 3 CRUCIGENIA QUADRATA -- 72.7 43.2
CRU TET 3 CRUCIGENIA TETRAPEDIA -- -- --
CRY ERO 11 CRYPTOMONAS EROSA -- 68.1 31.7
CRY OVA 11 CRYPTOMONAS OVATA 29.2 21.0 20.4
CYC MEN 4 CYCLOTELLA MENEGHINIANA 12.2 19.5 32.3
CYL CLO 4 CYLINDROTHECA CLOSTERIUM 73.5 42.1 26.2
CYL MIN 1 CYLINDROSPERMUM MINUTUM? -- -- --
CYL MUS 1 CYLINDROSPERMUM MUSCICOLA? 1472.4 1714.4 --
CYL STA 1 CYLINDROSPERMUM STAGNALE -- 3017.3 --
CYM ASP 4 CYMBELLA ASPERA -- -- --
CYM MIC 4 CYMBELLA MICROCEPHALA 322.8 118.8 96.7
CYM MIN PS 4 CYMBELLA MINUTA V PSEUDOGRACILIS -- 83.6 35.4
DEN KUE 4 DENTICULA KUETZINGII -- -- --
DIC PUL 3 DICTYOSPHAERIUM PULCHELLUM 320.0 -- 64.1
DIN CYL 5 DINOBRYON CYLINDRICUM -- -- --
DIN SER 5 DINOBRYON SERTULARIA -- -- --
DIP ELL 4 DIPLONEIS ELLIPTICA 42.9 23.1 7.8
DIP OBL 4 DIPLONEIS OBLONGELLA 122.3 -- 56.8
DIP OVA 4 DIPLONEIS OVALIS 113.4 168.9 81.5
DIP PARM 4 DIPLONEIS PARMA -- 23.1 16.2
DIP SMI 4 DIPLONEIS SMITHII -- -- --
ELA GEL 3 ELAKATOTHRIX GELATINOSA -- 51.0 124.5
ENC EVE 4 ENCYONEMA EVERGLADIANUM 104.0 1159.8 216.9
ENC HEB 4 ENCYONEMA HEBRIDICA -- -- --
ENC LUN 4 ENCYONEMA LUNATUM 333.0 24.0 14.7
ENC MIN 4 ENCYONEMA MINUTUM 73.5 -- 10.5
ENC MUE 4 ENCYONEMA MUELLERI -- -- --
ENC SIL 4 ENCYONEMA SILESIACUM -- 26.7 --
ENC SIL EL 4 ENCYONEMA SILESIACUM V ELEGANS -- -- --
EPI ADN 4 EPITHEMIA ADNATA 239.6 -- --
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EXHIBIT B-18
ENR PSTA Test Cell Average Algal Cell Counts (# cells/m2 X 10-6), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ENR South Test Cell PSTA Treatment

EUA ABR MI 3 EUASTRUM ABRUPTUM F MINOR -- -- --
EUA BID 3 EUASTRUM BIDENTATUM 54.5 -- 56.5
EUA COR ME 3 EUASTRUM CORNUBIENSE V MEDIANUM 29.2 51.7 56.8
EUA TUR ST 3 EUASTRUM TURNERI V STRICTUM -- -- --
EUC MIN 1 EUCAPSIS MINOR 548.6 -- --
EUD ELE 3 EUDORINA ELEGANS -- -- --
EUG ACU 10 EUGLENA ACUS -- 21.0 --
EUG OXY MI 10 EUGLENA OXYURIS V MINOR -- -- 22.8
EUN PEC 4 EUNOTIA PECTINALIS 73.5 -- --
EUN PEC MI 4 EUNOTIA PECTINALIS V MINOR -- -- --
FRA CAP 4 FRAGILARIA CAPUCINA -- -- --
FRA CAP GR 4 FRAGILARIA CAPUCINA V GRACILIS -- -- --
FRA CRO 4 FRAGILARIA CROTONENSIS -- 1219.7 --
FRA DEL 4 FRAGILARIA DELICATISSIMA 122.3 -- 109.6
FRA FAM 4 FRAGILARIA FAMELICA 358.2 154.9 48.2
FRA FAS 4 FRAGILARIA FASCICULATA? 91.1 917.4 1025.0
FRA NAN 4 FRAGILARIA NANANA? -- 609.9 --
FRA OVA 3 FRANCEIA OVALIS -- -- --
FRA SYN 4 FRAGILARIA SYNEGROTESCA 390.5 493.0 164.9
FRA TEN 4 FRAGILARIA TENERA -- -- --
FRA ULN 4 FRAGILARIA ULNA 111.2 -- 29.8
G ACH 4 ACHNANTHES SP 480.0 -- --
G AMP 4 AMPHORA SP 80.9 36.6 --
G ANA 1 ANABAENA SP 2915.4 2535.1 389.4
G ANAB 1 ANABAENOPSIS SP 179.6 400.0 --
G APH 1 APHANOCAPSA SP -- -- --
G APHA 1 APHANOTHECE SP -- 1089.3 --
G BUL 3 BULBOCHAETE SP -- -- --
G CHI 11 CHILOMONAS SP 104.0 -- 25.1
G CHL 3 CHLORELLA SP -- -- --
G CHLA 3 CHLAMYDOMONAS SP -- 50.5 183.0
G CHLR 3 CHLOROGONIUM SP -- -- --
G CHR 1 CHROOCOCCUS SP -- -- --
G CHRM 11 CHROOMONAS SP 29.2 61.0 122.7
G CLO 3 CLOSTERIUM SP -- -- --
G COS 3 COSMARIUM SP 105.4 177.8 116.6
G CRY 11 CRYPTOMONAS SP 90.7 44.2 134.1
G CYC 4 CYCLOTELLA SP -- 24.7 10.5
G CYL 1 CYLINDROSPERMUM SP 3966.8 8293.7 4577.7
G CYM 4 CYMBELLA SP -- -- --
G DIP 4 DIPLONEIS SP -- -- 10.5
G EUA 3 EUASTRUM SP -- -- --
G EUG 10 EUGLENA SP 277.5 46.1 37.5
G EUN 4 EUNOTIA SP -- -- 5.1
G FRA 4 FRAGILARIA SP 205.7 17.0 --
G GLO 1 GLOEOCAPSA SP 823.0 654.1 1119.6
G GLOE 3 GLOEOCYSTIS SP -- -- --
G GLOT 1 GLOEOTHECE SP -- -- --
G GOMP 1 GOMPHOSPHAERIA SP -- -- --
G GYR 4 GYROSIGMA SP -- 25.4 10.5
G LYN 1 LYNGBYA SP 7491.9 653.7 255.7
G LYN ME 1 LYNGBYA SP (MEDIUM) -- -- --
G LYN SM 1 LYNGBYA SP (SMALL) 15384.3 5479.4 2248.6
G MES 3 MESOTAENIUM SP? -- -- 384.1
G MICRO 1 MICROCYSTIS SP -- -- --
G MOU 3 MOUGEOTIA SP -- -- --
G NAV 4 NAVICULA SP 220.6 -- 31.2
G NAV SM 4 NAVICULA SP (SMALL) 122.3 -- --
G NIT 4 NITZSCHIA SP 1579.0 138.1 46.0

DFB/Ex B1.xls 3 of 7



EXHIBIT B-18
ENR PSTA Test Cell Average Algal Cell Counts (# cells/m2 X 10-6), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ENR South Test Cell PSTA Treatment

G NIT ME 4 NITZSCHIA SP (MEDIUM) 211.8 33.7 20.6
G NIT SM 4 NITZSCHIA SP (SMALL) 169.2 98.7 64.7
G OED 3 OEDOGONIUM SP 1056.2 319.6 1145.9
G OOC 3 OOCYSTIS SP -- -- --
G OSC 1 OSCILLATORIA SP 2453.0 6987.7 634.4
G OSC ME 1 OSCILLATORIA SP (MEDIUM) 2495.7 1416.5 1198.0
G OSC SM 1 OSCILLATORIA SP (SMALL) 7401.0 3670.6 1500.0
G PER 12 PERIDINIUM SP -- -- --
G PIN 4 PINNULARIA SP -- -- --
G PLEUR 3 PLEUROTAENIUM SP -- 189.0 --
G SCY 1 SCYTONEMA SP? 14269.4 523.1 --
G SPI 3 SPIROGYRA SP -- -- --
G STAU 3 STAURASTRUM SP 90.0 -- --
G TET 3 TETRAEDRON SP -- -- --
G ULO 3 ULOTHRIX SP -- -- --
GLO AER 1 GLOEOCAPSA AERUGINOSA -- -- --
GLO LIN 1 GLOEOTHECE LINEARIS -- -- --
GLO PUN 1 GLOEOCAPSA PUNCTATA -- -- --
GLO RUP 1 GLOEOCAPSA RUPESTRIS -- -- --
GOL RAD 3 GOLENKINIA RADIATA -- 69.5 --
GOM AFF IN 4 GOMPHONEMA AFFINE V INSIGNE 177.5 -- 297.8
GOM APO 1 GOMPHOSPHAERIA APONINA -- 2611.5 455.4
GOM DIC 4 GOMPHONEMA DICHOTOMUM -- -- --
GOM GRA 4 GOMPHONEMA GRACILE 116.2 -- 20.4
GOM INT VI 4 GOMPHONEMA INTRICATUM V VIBRIO 68.6 205.8 20.8
GOM PAR 4 GOMPHONEMA PARVULUM 90.3 20.8 6.8
GON MUT 7 GONIOCHLORIS MUTICA -- 14.6 --
GYR ACU 4 GYROSIGMA ACUMINATUM -- 48.0 --
GYR NOD 4 GYROSIGMA NODIFERUM -- -- --
GYR OBS 4 GYROSIGMA OBSCURUM? -- -- 63.5
GYR SPE CU 4 GYROSIGMA SPENCERI V CURVULA -- 53.4 --
HAN VIV 4 HANTZSCHIA VIVAX -- -- --
JOH PEL 1 JOHANNESBAPTISTIA PELLUCIDA -- 2468.8 2720.6
KIR LUN 3 KIRCHNERIELLA LUNARIS 175.7 31.0 53.1
KIR OBE 3 KIRCHNERIELLA OBESA -- 65.1 15.6
LEM PAL 1 LEMMERMANNIELLA PALLIDA -- -- 4080.8
LYN AER 1 LYNGBYA AERUGINEO-CARULEA? 3238.6 -- 617.9
LYN AES 1 LYNGBYA AESTUARII 5052.6 -- --
LYN BIR 1 LYNGBYA BIRGEI 10135.9 -- --
LYN EPI 1 LYNGBYA EPIPHYTICA 73790.4 35980.4 --
LYN LAG 1 LYNGBYA LAGERHEIMII 28018.1 17968.8 5921.7
LYN LIM 1 LYNGBYA LIMNETICA 34048.3 45464.8 10143.2
LYN LIM 1 LYNGBYA LIMNETICA? 3563.4 4147.7 3553.2
LYN PER 1 LYNGBYA PERELEGANS? -- -- --
LYN SUB 1 LYNGBYA SUBTILIS -- -- --
MAS LANC 4 MASTOGLOIA LANCEOLATA -- 19.5 --
MAS SMI 4 MASTOGLOIA SMITHII 220.5 274.9 114.5
MAS SMI LA 4 MASTOGLOIA SMITHII V LACUSTRIS 374.5 257.9 71.0
MER DUP 1 MERISMOPEDIA DUPLEX -- -- --
MER GLA 1 MERISMOPEDIA GLAUCA 1105.1 819.3 882.8
MER PUN 1 MERISMOPEDIA PUNCTATA -- 1138.5 2063.8
MER TEN 1 MERISMOPEDIA TENUISSIMA 493.3 1005.2 959.7
MIC AER 1 MICROCYSTIS AERUGINOSA 2461.4 2191.8 2048.6
MIC FIR 1 MICROCYSTIS FIRMA 1641.5 3125.2 3229.9
MIC FLO 1 MICROCYSTIS FLOS-AQUAE -- 2564.0 --
MIC INC 1 MICROCYSTIS INCERTA -- -- --
MIC PIN 3 MICRASTERIAS PINNATIFIDA -- -- --
MIC SMI 1 MICROCYSTIS SMITHII -- 1197.0 5519.9
NAV CRY 4 NAVICULA CRYPTOCEPHALA 229.6 47.8 37.5
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EXHIBIT B-18
ENR PSTA Test Cell Average Algal Cell Counts (# cells/m2 X 10-6), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ENR South Test Cell PSTA Treatment

NAV CRYP 4 NAVICULA CRYPTOTENELLA 164.6 206.0 88.5
NAV CUS 4 NAVICULA CUSPIDATA -- -- --
NAV PLA 4 NAVICULA PLACENTA 111.2 -- --
NAV POD 4 NAVICULA PODZORSKII 68.6 274.3 56.8
NAV PUP CA 4 NAVICULA PUPULA V CAPITATA -- -- --
NAV PUP RE 4 NAVICULA PUPULA V RECTANGULARIS 221.8 -- 9.9
NAV RAD 4 NAVICULA RADIOSA -- -- --
NAV RAD PA 4 NAVICULA RADIOSA V PARVA -- 34.7 --
NAV SUBR 4 NAVICULA SUBRHYNCHOCEPHALA -- -- --
NAV SUBT 4 NAVICULA SUBTILISSIMA -- -- --
NEI AFF 4 NEIDIUM AFFINE -- -- --
NIT ACI 4 NITZSCHIA ACICULARIS 79.4 14.8 58.9
NIT AMP 4 NITZSCHIA AMPHIBIA 171.5 77.6 70.4
NIT ANG 4 NITZSCHIA ANGUSTATA -- -- --
NIT CON 4 NITZSCHIA CONSTRICTA 154.3 80.4 58.5
NIT DEN 4 NITZSCHIA DENTICULA? 366.0 67.8 75.0
NIT DIS 4 NITZSCHIA DISSIPATA -- -- --
NIT FON 4 NITZSCHIA FONTICOLA 111.2 26.9 44.0
NIT FRU 4 NITZSCHIA FRUSTULUM 414.8 106.0 55.2
NIT GRA 4 NITZSCHIA GRACILIS 28.3 36.4 14.7
NIT GRAF 4 NITZSCHIA GRACILIFORMIS? -- -- 56.8
NIT HUN 4 NITZSCHIA HUNGARICA? -- 118.1 44.5
NIT IGN 4 NITZSCHIA IGNORATA -- 19.5 --
NIT LEV 4 NITZSCHIA LEVIDENSIS 73.3 -- --
NIT MIC 4 NITZSCHIA MICROCEPHALA -- -- 44.4
NIT NAN 4 NITZSCHIA NANA -- 82.0 50.6
NIT OBT 4 NITZSCHIA OBTUSA -- -- 34.3
NIT PAL 4 NITZSCHIA PALEA 68.6 61.8 87.6
NIT PAL DE 4 NITZSCHIA PALEA V DEBILIS -- -- --
NIT PALE 4 NITZSCHIA PALEACEA 96.4 68.2 87.2
NIT PALF 4 NITZSCHIA PALEAFORMIS 40.4 51.1 40.5
NIT PAR 4 NITZSCHIA PARVULA 213.2 -- --
NIT REV 4 NITZSCHIA REVERSA? 269.5 14.6 25.8
NIT SEM 4 NITZSCHIA SEMIROBUSTA 119.7 2004.7 343.1
NIT SER 4 NITZSCHIA SERIATA -- -- 694.3
NIT SERP 4 NITZSCHIA SERPENTIRAPHE -- 85.2 61.9
NIT SIGM 4 NITZSCHIA SIGMOIDEA -- -- --
NIT VER 4 NITZSCHIA VERMICULARIS 122.3 -- --
NOD SPU 1 NODULARIA SPUMIGENA -- -- --
OED PUN 3 OEDOGONIUM PUNCTATOSTRIATUM -- -- --
OOC LAC 3 OOCYSTIS LACUSTRIS 286.4 107.8 --
OOC PAR 3 OOCYSTIS PARVA 269.0 133.5 70.3
OOC SOL 3 OOCYSTIS SOLITARIA 275.4 258.9 237.1
OPH CAP 7 OPHIOCYTIUM CAPITATUM -- 112.4 --
OSC AMP 1 OSCILLATORIA AMPHIBIA 6121.2 6522.9 2518.0
OSC AMPH 1 OSCILLATORIA AMPHIGRANULATA -- -- --
OSC ANG 1 OSCILLATORIA ANGUSTISSIMA 17873.2 21250.0 3376.1
OSC FOR 1 OSCILLATORIA FORMOSA 1351.2 7424.7 1223.1
OSC GEM 1 OSCILLATORIA GEMINATA -- 261.5 240.3
OSC GRA 1 OSCILLATORIA GRANULATA -- -- 2249.6
OSC LAC 1 OSCILLATORIA LACUSTRIS? 1830.2 -- --
OSC LEM 1 OSCILLATORIA LEMMERMANNI -- -- --
OSC LIM 1 OSCILLATORIA LIMNETICA 19266.6 46704.0 3829.5
OSC LIM 1 OSCILLATORIA LIMNETICA? 7470.0 2302.7 1748.6
OSC LIMO 1 OSCILLATORIA LIMOSA 2273.3 7484.6 --
OSC PRI 1 OSCILLATORIA PRINCEPS -- -- --
OSC PRO 1 OSCILLATORIA PROLIFICA -- -- 620.4
OSC QUA 1 OSCILLATORIA QUADRIPUNCTULATA -- 761.4 264.8
OSC TEN 1 OSCILLATORIA TENUIS 1953.4 5946.6 1587.6
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EXHIBIT B-18
ENR PSTA Test Cell Average Algal Cell Counts (# cells/m2 X 10-6), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ENR South Test Cell PSTA Treatment

OSC WIL 1 OSCILLATORIA WILLEI? -- -- 4534.1
PED OBT 3 PEDIASTRUM OBTUSUM -- -- --
PED TET 3 PEDIASTRUM TETRAS -- -- 62.5
PED TET TE 3 PEDIASTRUM TETRAS V TETRAODON -- -- 117.6
PEL BAC 1 PELOGLOEA BACILLIFERA -- -- --
PER ACI 12 PERIDINIUM ACICULIFERUM -- 14.6 29.4
PER INC 12 PERIDINIUM INCONSPICUUM -- 35.7 47.9
PER PUS 12 PERIDINIUM PUSILLUM -- -- 20.4
PER PUS 12 PERIDINIUM PUSILUM -- -- 14.7
PIN ABA SU 4 PINNULARIA ABAUJENSIS V SUBUNDULATA 111.2 17.0 --
PIN BIC 4 PINNULARIA BICEPS -- -- --
PIN RUT 4 PINNULARIA RUTTNERI -- -- --
PIN SOC 4 PINNULARIA SOCIALIS -- 19.5 --
PIN STR 4 PINNULARIA STREPTORAPHE -- -- --
PIN VIR 4 PINNULARIA VIRIDIS -- 274.3 13.7
PIN VIR MI 4 PINNULARIA VIRIDULA V MINOR -- -- 29.4
PLA LEP 4 PLAGIOTROPIS LEPIDOPTERA 56.5 22.2 --
PLE DEL 4 PLEUROSIGMA DELICATULUM -- -- --
PLE SAL BO 4 PLEUROSIGMA SALINARUM V BOYERI -- -- --
QUA CHO 3 QUADRIGULA CHODATI -- -- --
QUA LAC 3 QUADRIGULA LACUSTRIS -- -- --
RAD IRR 3 RADIOFILUM IRREGULARE 960.1 -- --
RAD NIM 3 RADIOCOCCUS NIMBATUS 708.2 -- --
RHA LIN 1 RHABDODERMA LINEARE? -- 34863.5 --
RHO GIB VA 4 RHOPALODIA GIBBERULA V VANHEURCKII -- -- --
RHO GIB VE 4 RHOPALODIA GIBBA V VENTRICOSA 238.3 -- --
RHO GIBA 4 RHOPALODIA GIBBA 199.4 104.6 20.8
SCE ACU 3 SCENEDESMUS ACUMINATUS -- -- --
SCE ARM 3 SCENEDESMUS ARMATUS 415.2 174.2 40.9
SCE BIJ 3 SCENEDESMUS BIJUGA 532.9 313.5 240.0
SCE BIJ AL 3 SCENEDESMUS BIJUGA V ALTERNANS 695.9 185.0 274.7
SCE BRE 3 SCENEDESMUS BREVISPINA -- -- 61.5
SCE DEN 3 SCENEDESMUS DENTICULATUS 422.6 122.6 159.4
SCE DIM 3 SCENEDESMUS DIMORPHUS -- -- --
SCE OBL 3 SCENEDESMUS OBLIQUUS -- -- --
SCE QUA 3 SCENEDESMUS QUADRICAUDA 220.3 296.9 129.4
SCE SEM 3 SCENEDESMUS SEMIPULCHER 370.5 68.8 41.7
SCE SOL 3 SCENEDESMUS SOLI? -- -- --
SCE SUB 3 SCENEDESMUS SUBSPICATUS -- 87.3 5.1
SCH ARE 1 SCHIZOTHRIX ARENARIA? 52446.1 -- --
SCH CAL 1 SCHIZOTHRIX CALCICOLA -- -- --
SCH SET 3 SCHROEDERIA SETIGERA -- -- --
SCY HOF 1 SCYTONEMA HOFMANII? 50347.9 -- --
SNO LAC 1 SNOWELLA LACUSTRIS 2062.2 2480.8 2646.5
SPH SCH 3 SPHAEROCYSTIS SCHROERTERI 1753.0 1583.6 1528.8
SPI LAX 1 SPIRULINA LAXA 150.1 84.4 512.1
SPI MAJ 1 SPIRULINA MAJOR 113.7 137.1 --
SPI SUB 1 SPIRULINA SUBSALSA 1159.2 1793.6 --
SPI SUBT 3 SPIRULINA SUBTILISSIMA -- -- 13.1
SPO PLA 3 SPONDYLOSIUM PLANUM 835.8 112.4 42.1
STA PHO GR 4 STAURONEIS PHOENICENTERON F GRACILIS -- -- --
STAU CYC A 3 STAURASTRUM CYCLACANTHUM V AMERICANUM -- -- --
STAU GRA 3 STAURASTRUM GRACILE -- -- 16.2
STAU HEX 3 STAURASTRUM HEXACERUM 46.9 48.7 28.3
STAU LEP I 3 STAURASTRUM LEPTOCLADUM V INSIGNE 56.5 -- 28.3
STAU LEP S 3 STAURASTRUM LEPTOCLADUM V SINUATUM 159.8 171.4 --
STAU MAN F 3 STAURASTRUM MANFELDTII V FLUMINENSE -- -- --
STAU PAR P 3 STAURASTRUM PARADOXUM V PARVULUM -- -- --
STAU TET 3 STAURASTRUM TETRACERUM 106.1 -- 40.5
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EXHIBIT B-18
ENR PSTA Test Cell Average Algal Cell Counts (# cells/m2 X 10-6), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ENR South Test Cell PSTA Treatment

SUR ELE 4 SURIRELLA ELEGANS -- -- --
SYN ACU 4 SYNEDRA ACUS -- -- --
SYN RUM FA 4 SYNEDRA RUMPENS V FAMILIARIS -- -- --
TET MIN 3 TETRAEDRON MINIMUM 78.6 38.3 17.2
TET TRI 3 TETRAEDRON TRIGONUM 293.0 71.6 95.2
UN CHL FI 3 UNID CHLOROPHYCEAE FILAMENT BASAL CELLS -- 174.1 250.8
UN FIL CH 3 UNID FILAMENTOUS CHLOROPHYTA -- 3246.0 870.2
Codes:
1 = Cyanobacteria (Bluegreens) 7 = Xanthophyceae (Yellow greens)
3 = Chlorophytea (Greens) 10 = Euglenophyta (Euglenoids)
4 = Bacillariophyceae (Diatoms) 11 = Cryptophyta (Cryptomoniads)
5 = Chrysomonodates (Dinobryon) 12 = Pyrrhophyta (Dinoflagellates)
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EXHIBIT B-19
ENR PSTA Test Cell Average Algal Biovolume Data (cm3/m2), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ACH CHI SU 4 ACHNANTHES CHILENSIS V SUBAEQUALIS -- -- --
ACH EXI 4 ACHNANTHES EXIGUA 0.0135 0.0054 0.0035
ACHN MIN 4 ACHNANTHIDIUM MINUTISSIMUM 0.0162 0.0299 0.0424
AMP ACUTI 4 AMPHORA ACUTIUSCULA -- -- 0.0295
AMP HOL 4 AMPHORA HOLSATICA 0.1123 0.1152 0.4072
AMP LIN 4 AMPHORA LINEOLATA? -- -- 0.1604
AMP OVA 4 AMPHORA OVALIS 0.6928 0.0317 0.1087
AMP OVA AF 4 AMPHORA OVALIS V AFFINIS -- -- --
AMP PEL 4 AMPHIPLEURA PELLUCIDA -- -- --
AMP SAB 4 AMPHORA SABINIANA? -- -- --
AMP VEN 4 AMPHORA VENETA 0.0449 0.0219 0.0162
ANA OSC 1 ANABAENA OSCILLARIOIDES -- -- --
ANK FAL 3 ANKISTRODESMUS FALCATUS 0.0026 0.0031 0.0020
ANK NAN 3 ANKISTRODESMUS NANNOSELENE -- 0.0004 0.0003
ANK SPI 3 ANKISTRODESMUS SPIRALIS 0.0023 0.0021 0.0026
APH CON 1 APHANOCAPSA CONFERTA -- 0.0461 0.0114
APH DEL 1 APHANOCAPSA DELICATISSIMA 0.0096 0.0057 0.0065
APH ELA 1 APHANOCAPSA ELACHISTA -- -- --
APH GRE 1 APHANOCAPSA GREVILLEI -- 0.6362 0.8410
APH INC 1 APHANOCAPSA INCERTA -- 0.0003 --
APH PLA 1 APHANOCAPSA PLANCTONICA? 0.0110 0.0363 0.0099
APHA CLA 1 APHANOTHECE CLATHRATA -- 0.0183 --
APHA MIC 1 APHANOTHECE MICROSCOPICA -- -- --
APHA NID 1 APHANOTHECE NIDULANS -- -- --
APHA SAX 1 APHANOTHECE SAXICOLA -- -- --
APHA SMI 1 APHANOTHECE SMITHII 0.0342 0.0681 0.0199
APHA STA 1 APHANOTHECE STAGNINA 0.0456 0.3094 0.1785
APHA STA 1 APHANOTHECE STAGNINA? 0.0257 0.0407 0.0322
APHA VAR 1 APHANOTHECE VARIABILIS? -- -- --
APHN FLO 1 APHANIZOMENON FLOS-AQUAE -- 0.0740 --
ART GOM 1 ARTHOSPIRA GOMONTIANA? -- -- --
ART GOM 1 ARTHROSPIRA GOMONTIANA? -- -- 0.0727
ART JEN 1 ARTHROSPIRA JENNERI -- -- --
ART TEN 1 ARTHROSPIRA TENUIS? -- -- --
AUL ITA TE 4 AULACOSEIRA ITALICA V TENUISSIMA -- -- --
AUL LAX 1 AULOSIRA LAXA? 0.1499 -- --
BAC PAR 4 BACILLARIA PARADOXA -- -- --
BOT SUD 3 BOTRYOCOCCUS SUDETICUS -- 0.0046 0.0039
BRA VIT 4 BRACHYSIRA VITREA -- 0.0101 0.0134
CAP CAR 4 CAPONEA CARIBBEA -- -- --
CHA ENS 3 CHARACIUM ENSIFORME 0.0105 -- 0.0049
CHLO HUM 3 CHLOROCOCCUM HUMICOLA -- -- 0.0037
CHR DIS 1 CHROOCOCCUS DISPERSUS 0.0285 0.0117 0.0273
CHR DIS MI 1 CHROOCOCCUS DISPERSUS V MINOR -- 0.0018 0.0041
CHR DIST 1 CHROOCOCCUS DISTANS 0.1536 0.0057 0.0896
CHR LIM 1 CHROOCOCCUS LIMNETICUS -- -- 0.0085
CHR MIN 1 CHROOCOCCUS MINUTUS 0.0098 0.0130 0.0145
CHR MINI 1 CHROOCOCCUS MINIMUS 0.0060 0.0197 0.0082
CHR PLA 1 CHROOCOCCUS PLANCTONICUS -- 0.1891 0.0445
CHR PRE 1 CHROOCOCCUS PRESCOTTII 0.0737 0.1556 0.0459
CHR TUR 1 CHROOCOCCUS TURGIDUS 0.0292 0.0485 0.0563
CLO ACE 3 CLOSTERIUM ACEROSUM -- 9.7327 --
CLO ACU 3 CLOSTERIUM ACUTUM 0.0447 -- --
CLO DIA 3 CLOSTERIUM DIANAE 0.0413 -- --
CLO INC 3 CLOSTERIUM INCURVUM 0.2167 -- 0.2129
CLO LUN MA 3 CLOSTERIUM LUNULA V MASSARTII -- 8.6214 --
CLO PAR 3 CLOSTERIUM PARVULUM -- 0.2016 --
COC PLA 4 COCCONEIS PLACENTULA -- -- --
COC PLA EU 4 COCCONEIS PLACENTULA V EUGLYPTA -- -- --
COC PLA LI 4 COCCONEIS PLACENTULA V LINEATA 0.1236 -- --
COE KUE 1 COELOSPHAERIUM KUETZINGIANUM -- 0.0044 --
COE MIC 3 COELASTRUM MICROPORUM -- 0.0025 --
COE SPH 3 COELASTRUM SPHAERICUM 0.0942 0.0245 0.0480
COS ANG CO 3 COSMARIUM ANGULOSUM V CONCINNUM -- -- --
COS BAC 3 COSMARIUM BACCATUM -- -- --
COS BLY HO 3 COSMARIUM BLYTTII V HOFFII? -- -- --
COS BOT 3 COSMARIUM BOTRYTIS -- 1.4375 0.3437

ENR South Test Cell PSTA Treatment
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EXHIBIT B-19
ENR PSTA Test Cell Average Algal Biovolume Data (cm3/m2), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ENR South Test Cell PSTA Treatment

COS CON 3 COSMARIUM CONTRACTUM 1.4637 -- --
COS GRA 4 COSCINODISCUS GRANII -- -- --
COS GRAN 3 COSMARIUM GRANATUM -- -- --
COS IMP 3 COSMARIUM IMPRESSULUM -- -- --
COS MON 3 COSMARIUM MONILIFORME -- -- 0.0642
COS NIT JA 3 COSMARIUM NITIDULUM V JAVANICUM 0.3742 -- --
COS ORB 3 COSMARIUM ORBICULATUM -- -- --
COS ORN 3 COSMARIUM ORNATUM 0.1959 -- --
COS ORT 3 COSMARIUM ORTHOSTICHUM -- -- --
COS POK 3 COSMARIUM POKORNYANUM -- -- --
COS POR 3 COSMARIUM PORTIANUM -- -- --
COS PUN 3 COSMARIUM PUNCTULATUM 0.5918 -- --
COS REN 3 COSMARIUM RENIFORME 1.0468 1.0131 0.5513
COS SUBR 3 COSMARIUM SUBRENIFORME 0.1034 0.0242 0.0213
COS TEN 3 COSMARIUM TENUE -- -- --
COS TRI 3 COSMARIUM TRILOBULATUM 0.1102 0.0485 --
COS TUB 3 COSMOCLADIUM TUBURCULATUM 0.0555 -- --
COS UND MI 3 COSMARIUM UNDULATUM V MINUTUM -- -- --
COS VEN EX 3 COSMARIUM VENUSTUM V EXCAVATUM 0.0743 -- --
CRU API 3 CRUCIGENIA APICULATA 0.0089 0.0039 0.0145
CRU CRU 3 CRUCIGENIA CRUCIFERA 0.0260 0.0060 --
CRU QUA 3 CRUCIGENIA QUADRATA -- 0.0014 0.0008
CRU TET 3 CRUCIGENIA TETRAPEDIA -- -- --
CRY ERO 11 CRYPTOMONAS EROSA -- 0.0352 0.0164
CRY OVA 11 CRYPTOMONAS OVATA 0.0753 0.0540 0.0521
CYC MEN 4 CYCLOTELLA MENEGHINIANA 0.0134 0.0209 0.0347
CYL CLO 4 CYLINDROTHECA CLOSTERIUM 0.0030 0.0016 0.0013
CYL MIN 1 CYLINDROSPERMUM MINUTUM? -- -- --
CYL MUS 1 CYLINDROSPERMUM MUSCICOLA? 0.0412 0.0480 --
CYL STA 1 CYLINDROSPERMUM STAGNALE -- 0.2384 --
CYM ASP 4 CYMBELLA ASPERA -- -- --
CYM MIC 4 CYMBELLA MICROCEPHALA 0.0547 0.0203 0.0165
CYM MIN PS 4 CYMBELLA MINUTA V PSEUDOGRACILIS -- 0.1477 0.0626
DEN KUE 4 DENTICULA KUETZINGII -- -- --
DIC PUL 3 DICTYOSPHAERIUM PULCHELLUM 0.0044 -- 0.0008
DIN CYL 5 DINOBRYON CYLINDRICUM -- -- --
DIN SER 5 DINOBRYON SERTULARIA -- -- --
DIP ELL 4 DIPLONEIS ELLIPTICA 0.0537 0.0291 0.0098
DIP OBL 4 DIPLONEIS OBLONGELLA 0.0410 -- 0.0191
DIP OVA 4 DIPLONEIS OVALIS 0.0457 0.0680 0.0328
DIP PARM 4 DIPLONEIS PARMA -- 0.0479 0.0337
DIP SMI 4 DIPLONEIS SMITHII -- -- --
ELA GEL 3 ELAKATOTHRIX GELATINOSA -- 0.0077 0.0186
ENC EVE 4 ENCYONEMA EVERGLADIANUM 0.0194 0.2181 0.0408
ENC HEB 4 ENCYONEMA HEBRIDICA -- -- --
ENC LUN 4 ENCYONEMA LUNATUM 0.0629 0.0048 0.0029
ENC MIN 4 ENCYONEMA MINUTUM 0.0132 -- 0.0020
ENC MUE 4 ENCYONEMA MUELLERI -- -- --
ENC SIL 4 ENCYONEMA SILESIACUM -- 0.0200 --
ENC SIL EL 4 ENCYONEMA SILESIACUM V ELEGANS -- -- --
EPI ADN 4 EPITHEMIA ADNATA 2.0134 -- --
EUA ABR MI 3 EUASTRUM ABRUPTUM F MINOR -- -- --
EUA BID 3 EUASTRUM BIDENTATUM 0.2796 -- 0.2898
EUA COR ME 3 EUASTRUM CORNUBIENSE V MEDIANUM 0.0774 0.1364 0.1499
EUA TUR ST 3 EUASTRUM TURNERI V STRICTUM -- -- --
EUC MIN 1 EUCAPSIS MINOR 0.0077 -- --
EUD ELE 3 EUDORINA ELEGANS -- -- --
EUG ACU 10 EUGLENA ACUS -- 0.1069 --
EUG OXY MI 10 EUGLENA OXYURIS V MINOR -- -- 0.2815
EUN PEC 4 EUNOTIA PECTINALIS 0.1388 -- --
EUN PEC MI 4 EUNOTIA PECTINALIS V MINOR -- -- --
FRA CAP 4 FRAGILARIA CAPUCINA -- -- --
FRA CAP GR 4 FRAGILARIA CAPUCINA V GRACILIS -- -- --
FRA CRO 4 FRAGILARIA CROTONENSIS -- 0.9989 --
FRA DEL 4 FRAGILARIA DELICATISSIMA 0.1283 -- 0.1150
FRA FAM 4 FRAGILARIA FAMELICA 0.1292 0.0558 0.0173
FRA FAS 4 FRAGILARIA FASCICULATA? 0.1687 1.6954 1.8942
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EXHIBIT B-19
ENR PSTA Test Cell Average Algal Biovolume Data (cm3/m2), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ENR South Test Cell PSTA Treatment

FRA NAN 4 FRAGILARIA NANANA? -- 0.2300 --
FRA OVA 3 FRANCEIA OVALIS -- -- --
FRA SYN 4 FRAGILARIA SYNEGROTESCA 0.4186 0.5285 0.1769
FRA TEN 4 FRAGILARIA TENERA -- -- --
FRA ULN 4 FRAGILARIA ULNA 1.3078 -- 0.3500
G ACH 4 ACHNANTHES SP 0.0408 -- --
G AMP 4 AMPHORA SP 0.0310 0.0141 --
G ANA 1 ANABAENA SP 0.0555 0.0482 0.0075
G ANAB 1 ANABAENOPSIS SP 0.0022 0.0058 --
G APH 1 APHANOCAPSA SP -- -- --
G APHA 1 APHANOTHECE SP -- 0.0022 --
G BUL 3 BULBOCHAETE SP -- -- --
G CHI 11 CHILOMONAS SP 0.2938 -- 0.0707
G CHL 3 CHLORELLA SP -- -- --
G CHLA 3 CHLAMYDOMONAS SP -- 0.0136 0.0490
G CHLR 3 CHLOROGONIUM SP -- -- --
G CHR 1 CHROOCOCCUS SP -- -- --
G CHRM 11 CHROOMONAS SP 0.0007 0.0008 0.0018
G CLO 3 CLOSTERIUM SP -- -- --
G COS 3 COSMARIUM SP 0.2634 0.4444 0.2914
G CRY 11 CRYPTOMONAS SP 0.0045 0.0022 0.0067
G CYC 4 CYCLOTELLA SP -- 0.0049 0.0020
G CYL 1 CYLINDROSPERMUM SP 0.1490 0.2932 0.1705
G CYM 4 CYMBELLA SP -- -- --
G DIP 4 DIPLONEIS SP -- -- 0.0055
G EUA 3 EUASTRUM SP -- -- --
G EUG 10 EUGLENA SP 3.5746 0.5929 0.4823
G EUN 4 EUNOTIA SP -- -- 0.0062
G FRA 4 FRAGILARIA SP 0.0516 0.0044 --
G GLO 1 GLOEOCAPSA SP 0.0033 0.0027 0.0046
G GLOE 3 GLOEOCYSTIS SP -- -- --
G GLOT 1 GLOEOTHECE SP -- -- --
G GOMP 1 GOMPHOSPHAERIA SP -- -- --
G GYR 4 GYROSIGMA SP -- 0.4764 0.1970
G LYN 1 LYNGBYA SP 0.0225 0.0022 0.0008
G LYN ME 1 LYNGBYA SP (MEDIUM) -- -- --
G LYN SM 1 LYNGBYA SP (SMALL) 0.0769 0.0274 0.0113
G MES 3 MESOTAENIUM SP? -- -- 0.2988
G MICRO 1 MICROCYSTIS SP -- -- --
G MOU 3 MOUGEOTIA SP -- -- --
G NAV 4 NAVICULA SP 0.0219 -- 0.0031
G NAV SM 4 NAVICULA SP (SMALL) 0.0577 -- --
G NIT 4 NITZSCHIA SP 0.1106 0.0098 0.0032
G NIT ME 4 NITZSCHIA SP (MEDIUM) 0.3304 0.0526 0.0321
G NIT SM 4 NITZSCHIA SP (SMALL) 0.0179 0.0103 0.0067
G OED 3 OEDOGONIUM SP 2.1242 0.6426 2.3044
G OOC 3 OOCYSTIS SP -- -- --
G OSC 1 OSCILLATORIA SP 0.0614 0.1747 0.0160
G OSC ME 1 OSCILLATORIA SP (MEDIUM) 0.2120 0.1203 0.1022
G OSC SM 1 OSCILLATORIA SP (SMALL) 0.0369 0.0183 0.0074
G PER 12 PERIDINIUM SP -- -- --
G PIN 4 PINNULARIA SP -- -- --
G PLEUR 3 PLEUROTAENIUM SP -- 0.1601 --
G SCY 1 SCYTONEMA SP? 19.7631 0.7244 --
G SPI 3 SPIROGYRA SP -- -- --
G STAU 3 STAURASTRUM SP 0.1191 -- --
G TET 3 TETRAEDRON SP -- -- --
G ULO 3 ULOTHRIX SP -- -- --
GLO AER 1 GLOEOCAPSA AERUGINOSA -- -- --
GLO LIN 1 GLOEOTHECE LINEARIS -- -- --
GLO PUN 1 GLOEOCAPSA PUNCTATA -- -- --
GLO RUP 1 GLOEOCAPSA RUPESTRIS -- -- --
GOL RAD 3 GOLENKINIA RADIATA -- 0.0079 --
GOM AFF IN 4 GOMPHONEMA AFFINE V INSIGNE 0.2405 -- 0.4034
GOM APO 1 GOMPHOSPHAERIA APONINA -- 0.0732 0.0127
GOM DIC 4 GOMPHONEMA DICHOTOMUM -- -- --
GOM GRA 4 GOMPHONEMA GRACILE 0.0404 -- 0.0068
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EXHIBIT B-19
ENR PSTA Test Cell Average Algal Biovolume Data (cm3/m2), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ENR South Test Cell PSTA Treatment

GOM INT VI 4 GOMPHONEMA INTRICATUM V VIBRIO 0.1498 0.4493 0.0453
GOM PAR 4 GOMPHONEMA PARVULUM 0.1612 0.0372 0.0122
GON MUT 7 GONIOCHLORIS MUTICA -- 0.0016 --
GYR ACU 4 GYROSIGMA ACUMINATUM -- 0.3492 --
GYR NOD 4 GYROSIGMA NODIFERUM -- -- --
GYR OBS 4 GYROSIGMA OBSCURUM? -- -- 0.5486
GYR SPE CU 4 GYROSIGMA SPENCERI V CURVULA -- 0.4872 --
HAN VIV 4 HANTZSCHIA VIVAX -- -- --
JOH PEL 1 JOHANNESBAPTISTIA PELLUCIDA -- 0.1382 0.1524
KIR LUN 3 KIRCHNERIELLA LUNARIS 0.0022 0.0006 0.0008
KIR OBE 3 KIRCHNERIELLA OBESA -- 0.0005 0.0002
LEM PAL 1 LEMMERMANNIELLA PALLIDA -- -- 0.0243
LYN AER 1 LYNGBYA AERUGINEO-CARULEA? 0.3824 -- 0.0729
LYN AES 1 LYNGBYA AESTUARII 1.3389 -- --
LYN BIR 1 LYNGBYA BIRGEI 2.3921 -- --
LYN EPI 1 LYNGBYA EPIPHYTICA 0.4428 0.2159 --
LYN LAG 1 LYNGBYA LAGERHEIMII 0.1681 0.1078 0.0355
LYN LIM 1 LYNGBYA LIMNETICA 0.8513 1.1366 0.2536
LYN LIM 1 LYNGBYA LIMNETICA? 0.0889 0.1037 0.0888
LYN PER 1 LYNGBYA PERELEGANS? -- -- --
LYN SUB 1 LYNGBYA SUBTILIS -- -- --
MAS LANC 4 MASTOGLOIA LANCEOLATA -- 0.1307 --
MAS SMI 4 MASTOGLOIA SMITHII 0.7668 0.9560 0.3983
MAS SMI LA 4 MASTOGLOIA SMITHII V LACUSTRIS 0.6021 0.4148 0.1142
MER DUP 1 MERISMOPEDIA DUPLEX -- -- --
MER GLA 1 MERISMOPEDIA GLAUCA 0.0155 0.0114 0.0123
MER PUN 1 MERISMOPEDIA PUNCTATA -- 0.0035 0.0063
MER TEN 1 MERISMOPEDIA TENUISSIMA 0.0005 0.0010 0.0010
MIC AER 1 MICROCYSTIS AERUGINOSA 0.0836 0.0745 0.0696
MIC FIR 1 MICROCYSTIS FIRMA 0.0132 0.0250 0.0258
MIC FLO 1 MICROCYSTIS FLOS-AQUAE -- 0.3690 --
MIC INC 1 MICROCYSTIS INCERTA -- -- --
MIC PIN 3 MICRASTERIAS PINNATIFIDA -- -- --
MIC SMI 1 MICROCYSTIS SMITHII -- 0.0406 0.1877
NAV CRY 4 NAVICULA CRYPTOCEPHALA 0.0971 0.0202 0.0159
NAV CRYP 4 NAVICULA CRYPTOTENELLA 0.1221 0.1528 0.0656
NAV CUS 4 NAVICULA CUSPIDATA -- -- --
NAV PLA 4 NAVICULA PLACENTA 0.6086 -- --
NAV POD 4 NAVICULA PODZORSKII 0.1512 0.6049 0.1253
NAV PUP CA 4 NAVICULA PUPULA V CAPITATA -- -- --
NAV PUP RE 4 NAVICULA PUPULA V RECTANGULARIS 0.1997 -- 0.0089
NAV RAD 4 NAVICULA RADIOSA -- -- --
NAV RAD PA 4 NAVICULA RADIOSA V PARVA -- 0.0331 --
NAV SUBR 4 NAVICULA SUBRHYNCHOCEPHALA -- -- --
NAV SUBT 4 NAVICULA SUBTILISSIMA -- -- --
NEI AFF 4 NEIDIUM AFFINE -- -- --
NIT ACI 4 NITZSCHIA ACICULARIS 0.0093 0.0016 0.0066
NIT AMP 4 NITZSCHIA AMPHIBIA 0.0413 0.0187 0.0169
NIT ANG 4 NITZSCHIA ANGUSTATA -- -- --
NIT CON 4 NITZSCHIA CONSTRICTA 0.0933 0.0484 0.0353
NIT DEN 4 NITZSCHIA DENTICULA? 0.0881 0.0161 0.0180
NIT DIS 4 NITZSCHIA DISSIPATA -- -- --
NIT FON 4 NITZSCHIA FONTICOLA 0.0484 0.0117 0.0190
NIT FRU 4 NITZSCHIA FRUSTULUM 0.0934 0.0238 0.0125
NIT GRA 4 NITZSCHIA GRACILIS 0.0227 0.0287 0.0117
NIT GRAF 4 NITZSCHIA GRACILIFORMIS? -- -- 0.0353
NIT HUN 4 NITZSCHIA HUNGARICA? -- 0.2837 0.1068
NIT IGN 4 NITZSCHIA IGNORATA -- 0.0180 --
NIT LEV 4 NITZSCHIA LEVIDENSIS 0.3451 -- --
NIT MIC 4 NITZSCHIA MICROCEPHALA -- -- 0.0022
NIT NAN 4 NITZSCHIA NANA -- 0.2306 0.1424
NIT OBT 4 NITZSCHIA OBTUSA -- -- 0.6071
NIT PAL 4 NITZSCHIA PALEA 0.0360 0.0324 0.0461
NIT PAL DE 4 NITZSCHIA PALEA V DEBILIS -- -- --
NIT PALE 4 NITZSCHIA PALEACEA 0.0062 0.0044 0.0055
NIT PALF 4 NITZSCHIA PALEAFORMIS 0.0345 0.0434 0.0344
NIT PAR 4 NITZSCHIA PARVULA 0.1366 -- --
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EXHIBIT B-19
ENR PSTA Test Cell Average Algal Biovolume Data (cm3/m2), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ENR South Test Cell PSTA Treatment

NIT REV 4 NITZSCHIA REVERSA? 0.1853 0.0103 0.0176
NIT SEM 4 NITZSCHIA SEMIROBUSTA 0.0705 1.1787 0.2017
NIT SER 4 NITZSCHIA SERIATA -- -- 1.1774
NIT SERP 4 NITZSCHIA SERPENTIRAPHE -- 0.7926 0.5756
NIT SIGM 4 NITZSCHIA SIGMOIDEA -- -- --
NIT VER 4 NITZSCHIA VERMICULARIS 0.1450 -- --
NOD SPU 1 NODULARIA SPUMIGENA -- -- --
OED PUN 3 OEDOGONIUM PUNCTATOSTRIATUM -- -- --
OOC LAC 3 OOCYSTIS LACUSTRIS 0.1246 0.0469 --
OOC PAR 3 OOCYSTIS PARVA 0.0067 0.0033 0.0018
OOC SOL 3 OOCYSTIS SOLITARIA 0.3739 0.3513 0.3219
OPH CAP 7 OPHIOCYTIUM CAPITATUM -- 0.0084 --
OSC AMP 1 OSCILLATORIA AMPHIBIA 0.3917 0.4175 0.1612
OSC AMPH 1 OSCILLATORIA AMPHIGRANULATA -- -- --
OSC ANG 1 OSCILLATORIA ANGUSTISSIMA 0.0356 0.0425 0.0068
OSC FOR 1 OSCILLATORIA FORMOSA 0.1068 0.5866 0.0966
OSC GEM 1 OSCILLATORIA GEMINATA -- 0.0087 0.0082
OSC GRA 1 OSCILLATORIA GRANULATA -- -- 0.1778
OSC LAC 1 OSCILLATORIA LACUSTRIS? 0.0767 -- --
OSC LEM 1 OSCILLATORIA LEMMERMANNI -- -- --
OSC LIM 1 OSCILLATORIA LIMNETICA 0.1348 0.3269 0.0268
OSC LIM 1 OSCILLATORIA LIMNETICA? 0.0521 0.0161 0.0121
OSC LIMO 1 OSCILLATORIA LIMOSA 0.9048 2.9789 --
OSC PRI 1 OSCILLATORIA PRINCEPS -- -- --
OSC PRO 1 OSCILLATORIA PROLIFICA -- -- 0.0191
OSC QUA 1 OSCILLATORIA QUADRIPUNCTULATA -- 0.0054 0.0018
OSC TEN 1 OSCILLATORIA TENUIS 0.1150 0.3510 0.0939
OSC WIL 1 OSCILLATORIA WILLEI? -- -- 0.0953
PED OBT 3 PEDIASTRUM OBTUSUM -- -- --
PED TET 3 PEDIASTRUM TETRAS -- -- 0.0047
PED TET TE 3 PEDIASTRUM TETRAS V TETRAODON -- -- 0.0099
PEL BAC 1 PELOGLOEA BACILLIFERA -- -- --
PER ACI 12 PERIDINIUM ACICULIFERUM -- 0.0347 0.0692
PER INC 12 PERIDINIUM INCONSPICUUM -- 0.0473 0.0634
PER PUS 12 PERIDINIUM PUSILLUM -- -- 0.0325
PER PUS 12 PERIDINIUM PUSILUM -- -- 0.0234
PIN ABA SU 4 PINNULARIA ABAUJENSIS V SUBUNDULATA 0.4594 0.0703 --
PIN BIC 4 PINNULARIA BICEPS -- -- --
PIN RUT 4 PINNULARIA RUTTNERI -- -- --
PIN SOC 4 PINNULARIA SOCIALIS -- 1.0095 --
PIN STR 4 PINNULARIA STREPTORAPHE -- -- --
PIN VIR 4 PINNULARIA VIRIDIS -- 22.9112 1.1481
PIN VIR MI 4 PINNULARIA VIRIDULA V MINOR -- -- 0.8382
PLA LEP 4 PLAGIOTROPIS LEPIDOPTERA 1.0788 0.4243 --
PLE DEL 4 PLEUROSIGMA DELICATULUM -- -- --
PLE SAL BO 4 PLEUROSIGMA SALINARUM V BOYERI -- -- --
QUA CHO 3 QUADRIGULA CHODATI -- -- --
QUA LAC 3 QUADRIGULA LACUSTRIS -- -- --
RAD IRR 3 RADIOFILUM IRREGULARE 0.1632 -- --
RAD NIM 3 RADIOCOCCUS NIMBATUS 0.0025 -- --
RHA LIN 1 RHABDODERMA LINEARE? -- 1.5689 --
RHO GIB VA 4 RHOPALODIA GIBBERULA V VANHEURCKII -- -- --
RHO GIB VE 4 RHOPALODIA GIBBA V VENTRICOSA 2.9568 -- --
RHO GIBA 4 RHOPALODIA GIBBA 5.0531 2.6506 0.5283
SCE ACU 3 SCENEDESMUS ACUMINATUS -- -- --
SCE ARM 3 SCENEDESMUS ARMATUS 0.0278 0.0117 0.0027
SCE BIJ 3 SCENEDESMUS BIJUGA 0.0053 0.0031 0.0025
SCE BIJ AL 3 SCENEDESMUS BIJUGA V ALTERNANS 0.0222 0.0057 0.0088
SCE BRE 3 SCENEDESMUS BREVISPINA -- -- 0.0154
SCE DEN 3 SCENEDESMUS DENTICULATUS 0.0874 0.0254 0.0329
SCE DIM 3 SCENEDESMUS DIMORPHUS -- -- --
SCE OBL 3 SCENEDESMUS OBLIQUUS -- -- --
SCE QUA 3 SCENEDESMUS QUADRICAUDA 0.0225 0.0303 0.0132
SCE SEM 3 SCENEDESMUS SEMIPULCHER 0.0140 0.0026 0.0016
SCE SOL 3 SCENEDESMUS SOLI? -- -- --
SCE SUB 3 SCENEDESMUS SUBSPICATUS -- 0.0033 0.0002
SCH ARE 1 SCHIZOTHRIX ARENARIA? 0.6818 -- --
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EXHIBIT B-19
ENR PSTA Test Cell Average Algal Biovolume Data (cm3/m2), April 1999 - March 2000

Organism Division 1 2 3
Code Code Organism Cell 13 Cell 8 Cell 3

ENR South Test Cell PSTA Treatment

SCH CAL 1 SCHIZOTHRIX CALCICOLA -- -- --
SCH SET 3 SCHROEDERIA SETIGERA -- -- --
SCY HOF 1 SCYTONEMA HOFMANII? 3.7758 -- --
SNO LAC 1 SNOWELLA LACUSTRIS 0.0514 0.0619 0.0661
SPH SCH 3 SPHAEROCYSTIS SCHROERTERI 0.1981 0.1789 0.1727
SPI LAX 1 SPIRULINA LAXA 0.0189 0.0105 0.0645
SPI MAJ 1 SPIRULINA MAJOR 0.0071 0.0086 --
SPI SUB 1 SPIRULINA SUBSALSA 0.0729 0.1130 --
SPI SUBT 3 SPIRULINA SUBTILISSIMA -- -- 0.0003
SPO PLA 3 SPONDYLOSIUM PLANUM 0.0476 0.0063 0.0026
STA PHO GR 4 STAURONEIS PHOENICENTERON F GRACILIS -- -- --
STAU CYC A 3 STAURASTRUM CYCLACANTHUM V AMERICANUM -- -- --
STAU GRA 3 STAURASTRUM GRACILE -- -- 0.0097
STAU HEX 3 STAURASTRUM HEXACERUM 0.2482 0.2576 0.1502
STAU LEP I 3 STAURASTRUM LEPTOCLADUM V INSIGNE 0.4882 -- 0.2444
STAU LEP S 3 STAURASTRUM LEPTOCLADUM V SINUATUM 0.3197 0.3430 --
STAU MAN F 3 STAURASTRUM MANFELDTII V FLUMINENSE -- -- --
STAU PAR P 3 STAURASTRUM PARADOXUM V PARVULUM -- -- --
STAU TET 3 STAURASTRUM TETRACERUM 0.0060 -- 0.0024
SUR ELE 4 SURIRELLA ELEGANS -- -- --
SYN ACU 4 SYNEDRA ACUS -- -- --
SYN RUM FA 4 SYNEDRA RUMPENS V FAMILIARIS -- -- --
TET MIN 3 TETRAEDRON MINIMUM 0.0035 0.0018 0.0009
TET TRI 3 TETRAEDRON TRIGONUM 0.2851 0.0696 0.0927
UN CHL FI 3 UNID CHLOROPHYCEAE FILAMENT BASAL CELLS -- 0.0136 0.0199
UN FIL CH 3 UNID FILAMENTOUS CHLOROPHYTA -- 2.7526 0.7379
Codes:
1 = Cyanobacteria (Bluegreens) 7 = Xanthophyceae (Yellow greens)
3 = Chlorophytea (Greens) 10 = Euglenophyta (Euglenoids)
4 = Bacillariophyceae (Diatoms) 11 = Cryptophyta (Cryptomoniads)
5 = Chrysomonodates (Dinobryon) 12 = Pyrrhophyta (Dinoflagellates)
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EXHIBIT B-20
Summary of Macrophyte Biomass Data (g dry/m2) from the Test Cells

Treatment (Cell)
1 2 3

Month 13 8 3
Jul-1999 0 0 0
Aug-1999 1107 57 285
Sep-1999 1630 92 0
Oct-1999 232 12 29
Dec-1999 306 86 35
Jan-2000 -- 146 21
Feb-2000 -- 28 65
Mar-2000 218 65 9

Treatment Average 582 61 55
Note:
-- =  Not Sampled

These periphyton data indicate that algal populations have highest biovolume, chlorophyll,
and biomass in the peat-based Test Cell (Treatment 1). Algal diversity in this cell is typically
slightly lower than in the other two treatments. Cell counts are also typically higher in this
treatment. Blue-green species dominate the algal populations in all three of the PSTA Test
Cells. Of the two shellrock treatments, Treatment 2 (Test Cell 8) typically has had higher
periphyton cell counts and biovolume than Treatment 3 (Test Cell 3). Graphical compari-
sons of chlorophyll vs. biovolumes, chlorophyll vs. cell counts and chlorophyll vs. AFDW
are provided in Exhibits B-21, B-22 and B-23, respectively.

B.9 Ecosystem Metabolism
Aquatic ecosystems contain numerous biological processes that consume and produce DO.
The oxygen-consuming processes are referred to as community respiration (CR) and include
cellular metabolism and decomposition processes. The oxygen-producing processes are
referred to as primary productivity and include photosynthetic activities of submerged
algae and plants in response to PAR or the input of light that can be used by the plants.
These oxygen changes must be corrected for the effects of diffusion of oxygen into or out of
the water column. A diffusion coefficient of 0.10 g of oxygen per square meter per hour
(O2/m2/hr) has been used for preliminary analysis until actual diffusion rates are measured
in the field.

Changes in DO content of the water column during a daily period can be used to estimate
the processes of community respiration and photosynthesis. The combination of respiration
and photosynthesis is called community metabolism (CM). This is also equal to gross pri-
mary productivity (GPP) that includes the total oxygen fixed by the ecosystem. Respiration
continues throughout the daylight and nighttime hours and is reported as CR. The differ-
ence between CM or GPP and CR is called net primary production (NPP). NPP can be
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EXHIBIT B-21
Correlation Between Algal Cell Biovolumes and Chlorophyll a in Test Cell Periphyton Core Samples
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EXHIBIT B-22
Correlation Between Algal Cell Counts and Chlorophyll a in Test Cell Periphyton Core Samples
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EXHIBIT B-23
Correlation Between Algal Cell AFDW and Chlorophyll a in Test Cell Periphyton Core Samples

1

10

100

1000

1 10 100 1000 10000

AFDW, g/m2

C
hl

_a
 (c

or
r)

, m
g/

m
2

STC-3

STC-8

STC-13

y = 1.96 x0.5779

R2 = 0.2447

STC-2

STC-1



DFB/003673526/APP B.DOC B-48

reported for the full 24-hour day or just for the daylight portion (NPP day). The 24-hour
NPP is an estimate of the accumulation of fixed organic matter. The approximate conversion
between oxygen and carbon is 1:1. The conversion between oxygen and ash-free dry weight
is approximately 1:2. GPP is sometimes expressed as an efficiency by dividing the GPP
converted to kilocalories (kcal) assuming a conversion of approximately 10 kcal/g O2

(Odum 1971) and converting PAR to kcal by the assumption that one Einstein (mole of
photons) is equal to 52.27 kcal.

Exhibit B-24 summarizes the ecosystem metabolism estimates for the PSTA Test Cells for
Phase 1. CM of the PSTA Test Cell ecosystems generally increased during the start-up
period of this research, reaching maximum levels in May 1999 in Treatment 1 (Test Cell 13),
March 2000 in Treatment 2 (Test Cell 8), and November 1999 in Treatment 3 (Test Cell 3).
Because the initial colonization of Treatment 1 by submerged aquatic plants, this cell
initially had the highest metabolism and increased from approximately 1.7 g O2/m2/d in
March 1999 to 6.2 g O2/m2/d in May 1999, before declining to 0.14 g O2/m2/d in September
1999. Photosynthetic efficiency increased to approximately 2.7 percent in this cell by June
1999. NPP24hr increased in this cell to 1.4 g O2/m2/d in July 1999 and declined to -1.6 g
O2/m2/d in December 1999.

CM also varied seasonally in Treatments 2 and 3 (Test Cells 8 and 3, respectively) during the
period of research. Estimated average maximum monthly values were 5.45 and 3.65 g
O2/m2/d in Treatments 2 and 3, respectively. Estimated rates of NPP24hr in Treatment 2
were negative early in the project and have increased to a maximum positive value of
0.529 g O2/m2/d in June 1999 and then declined to lower values during the autumn months.
NPP24hr in Treatment 3 (Test Cell 3) increased to a maximum of 0.259 g O2/m2/d in August
1999 but has been negative during most months.

B.9.1 PAR Extinction
PAR is defined as the incident solar radiation in the range of wavelengths from 400 to
700 nanometers (nm). These wavelengths include much of the energy directly used in
photosynthesis by algae and macrophytic plants. Attenuation of PAR through the water
column is an indicator of how much usable solar energy is reaching benthic algae in the
PSTA Test Cells. The extinction of this PAR is compared between different systems by
calculating an extinction coefficient, n as:

n = (lnIo - lnIZ)/Z

where:

n = extinction coefficient in m-1

Io = incident PAR just below the water surface (µmol/m2/s)
IZ = PAR at a distance Z below the surface measurement (µmol/m2/s)
Z = distance between measurements (m)

Exhibit B-25 summarizes the PAR extinction data for the PSTA Test Cells since the project
started in February 1999. Period-of-record average extinction coefficients were approxi-
mately 4.6 m-1 in Treatment 1 (Test Cell 13) and approximately one-half of this value in
Treatments 2 and 3 (shellrock Test Cells). Monthly average PAR extinction coefficients



Exhibit B-24
Period-of-Record, Quarterly, and Monthly Summaries of Ecosystem Metabolism Data from the ENR Test Cells, February 1999 - March 2000

NPP(day) GPP(day) CR(24hr) CM(24hr) NPP(24hr) Avg Night Res PAR(24hr) Efficiency
Treatmenta Cell Date g/m2/d g/m2/d g/m2/d g/m2/d g/m2/d g/m2/hr E/m2/d %

Period of Record
1 13 1999- 2000 0.753 2.955 3.123 2.955 -0.169 0.130 34.3 1.650
2 8 1999- 2000 1.283 3.072 2.974 3.072 0.113 0.124 34.9 1.686
3 3 1999- 2000 0.850 2.308 2.370 2.308 -0.062 0.099 35.5 1.243

Quarterly
1 13 Qtr-3 1.010 2.093 1.857 2.093 0.236 0.077 42.0 0.955

Qtr-4 2.272 5.498 4.991 5.498 0.507 0.208 39.9 2.635
Qtr-5 -0.479 1.475 2.120 1.475 -0.645 0.088 26.9 1.048
Qtr-6 -0.925 1.091 2.476 1.091 -1.385 0.103 22.7 0.921
Qtr-7 -- -- -- -- -- -- -- --

2 8 Qtr-3 0.708 1.814 1.903 1.814 -0.088 0.079 38.7 0.896
Qtr-4 1.752 4.247 3.823 4.247 0.423 0.159 39.1 2.080
Qtr-5 1.455 3.598 3.668 3.598 -0.071 0.153 28.0 2.456
Qtr-6 0.932 2.071 2.075 2.071 0.079 0.086 21.6 1.838
Qtr-7 2.179 4.870 4.620 4.870 0.251 0.192 33.3 2.799

3 3 Qtr-3 0.597 1.613 1.710 1.613 -0.097 0.071 42.9 0.720
Qtr-4 0.708 2.465 2.696 2.465 -0.231 0.112 39.1 1.207
Qtr-5 1.365 3.069 2.988 3.069 0.081 0.125 31.6 1.858
Qtr-6 1.033 2.639 2.478 2.639 0.160 0.103 22.3 2.268
Qtr-7 1.158 2.430 2.460 2.430 -0.030 0.102 22.8 2.035

Monthly
1 13 Mar-99 0.866 1.720 1.520 1.720 0.201 0.063 41.4 0.795

Apr-99 1.154 2.467 2.194 2.467 0.272 0.091 42.5 1.110
May-99 2.611 6.210 5.584 6.210 0.627 0.233 44.9 2.644
Jun-99 1.704 4.428 4.183 4.428 0.244 0.174 31.1 2.724
Jul-99 2.434 4.098 2.664 4.098 1.435 0.111 48.4 1.621
Aug-99 0.592 2.866 3.050 2.866 -0.185 0.127 30.5 1.795
Sep-99 -1.576 0.140 0.979 0.140 -0.839 0.041 24.0 0.112
Oct-99 -0.619 1.159 2.281 1.159 -1.122 0.095 25.3 0.876
Nov-99 -0.915 1.248 2.692 1.248 -1.445 0.112 25.5 0.937
Dec-99 -0.761 1.156 2.844 1.156 -1.688 0.119 19.0 1.167
Jan-00 -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- --

2 8 Feb-99 0.512 1.381 1.570 1.381 -0.188 0.065 32.2 0.820
Mar-99 0.616 1.586 1.662 1.586 -0.077 0.069 40.2 0.754
Apr-99 1.082 2.677 2.654 2.677 0.023 0.111 44.9 1.141
May-99 1.311 3.176 2.921 3.176 0.254 0.122 45.8 1.326
Jun-99 2.028 4.901 4.371 4.901 0.529 0.182 33.4 2.811
Jul-99 1.931 4.700 4.208 4.700 0.492 0.175 37.7 2.384
Aug-99 1.654 4.208 4.086 4.208 0.122 0.170 24.4 3.304
Sep-99 1.525 4.049 4.327 4.049 -0.278 0.180 34.2 2.264
Oct-99 1.252 2.801 2.861 2.801 -0.060 0.119 26.1 2.051
Nov-99 0.934 2.058 2.238 2.058 0.114 0.093 24.1 1.632
Dec-99 1.104 2.623 2.806 2.623 -0.183 0.117 16.5 3.038
Jan-00 0.822 1.730 1.506 1.730 0.224 0.063 22.9 1.446
Feb-00 1.778 3.856 3.577 3.856 0.280 0.149 30.8 2.396
Mar-00 2.411 5.457 5.223 5.457 0.234 0.218 34.7 3.005

3 3 Feb-99 -0.025 0.348 0.689 0.348 -0.341 0.029 34.6 0.192
Mar-99 0.573 1.545 1.667 1.545 -0.122 0.069 40.6 0.727
Apr-99 0.655 1.755 1.812 1.755 -0.057 0.075 45.9 0.732
May-99 0.635 2.207 2.439 2.207 -0.231 0.102 45.2 0.935
Jun-99 0.658 2.484 2.789 2.484 -0.305 0.116 32.0 1.487
Jul-99 0.999 3.010 3.058 3.010 -0.048 0.127 42.3 1.360
Aug-99 1.646 3.650 3.391 3.650 0.259 0.141 38.3 1.824
Sep-99 0.979 2.492 2.673 2.492 -0.181 0.111 26.1 1.824
Oct-99 1.439 2.966 2.818 2.966 0.147 0.117 29.0 1.954
Nov-99 0.925 3.923 3.676 3.923 0.247 0.153 27.8 2.703
Dec-99 1.004 2.121 1.979 2.121 0.142 0.082 20.3 2.000
Jan-00 1.193 2.303 2.196 2.303 0.107 0.091 20.3 2.167
Feb-00 1.158 2.430 2.460 2.430 -0.030 0.102 22.8 2.035
Mar-00 -- -- -- -- -- -- -- --

Notes:

a Treatment 1 was operated as a batch system from January - March 2000; these data are presented in Appendix D
Photosynthetic efficiency is calculated with above-water PAR and the assumption that 1 g O  2/m2 equals 10 kcal and 1 Einstein (E) of photons equals 52.27 kcal.
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Exhibit B-25

Water Depth PAR (µmol/m2/s) Z Ext Coeff
Treatmenta Date (m) Surface Bottom (m) (m-1)

Period of Record 
1 1999- 2000 0.63 1113.2 378.5 0.51 4.61
2 1999- 2000 0.56 1127.3 549.9 0.42 2.02
3 1999- 2000 0.58 1326.8 551.3 0.48 2.41

Quarterly
1 Qtr-3 0.65 1476.0 463.8 0.51 2.24

Qtr-4 0.59 1513.1 743.1 0.49 1.94
Qtr-5 0.64 508.6 65.9 0.52 7.65
Qtr-6 0.64 543.8 9.1 0.52 9.34
Qtr-7 -- -- -- -- --

2 Qtr-3 0.62 1187.6 611.2 0.44 1.57
Qtr-4 0.56 1643.0 922.0 0.44 1.33
Qtr-5 0.65 1206.5 358.5 0.52 2.56
Qtr-6 0.57 500.2 174.6 0.45 2.62
Qtr-7 0.34 1115.1 643.9 0.22 2.35

3 Qtr-3 0.68 1426.8 556.0 0.53 1.97
Qtr-4 0.69 1551.8 683.2 0.57 1.54
Qtr-5 0.77 1485.7 516.8 0.65 1.80
Qtr-6 0.49 837.6 316.5 0.37 2.71
Qtr-7 0.17 1501.0 913.7 0.10 6.65

Monthly
1 Feb-99 0.66 1741.3 448.3 0.47 2.94

Mar-99 0.67 1432.2 481.3 0.54 1.84
Apr-99 0.64 1261.7 458.9 0.52 2.01
May-99 0.46 2039.2 1258.2 0.34 1.48
Jun-99 0.66 1619.4 594.2 0.58 1.97
Jul-99 0.67 880.7 377.0 0.54 2.38
Sep-99 0.62 767.8 129.8 0.50 4.83
Oct-99 0.66 249.4 1.9 0.54 10.47
Nov-99 0.61 194.7 3.7 0.48 9.86
Dec-99 0.68 892.9 14.4 0.56 8.82
Jan-00 -- -- -- -- --
Feb-00 -- -- -- -- --
Mar-00 -- -- -- -- --

2 Feb-99 0.62 752.6 356.8 0.41 1.86
Mar-99 0.60 1356.9 770.1 0.44 1.36
Apr-99 0.64 1396.8 653.8 0.48 1.57
May-99 0.46 1081.1 610.9 0.34 1.67
Jun-99 0.61 2095.5 1117.7 0.49 1.29
Jul-99 0.62 1752.5 1037.5 0.50 1.03
Sep-99 0.66 1803.3 506.8 0.53 2.61
Oct-99 0.63 609.7 210.1 0.50 2.51
Nov-99 0.64 839.9 285.6 0.52 2.33
Dec-99 0.67 320.8 82.8 0.55 2.61
Jan-00 0.41 339.9 155.3 0.29 2.91
Feb-00 0.39 1471.0 705.9 0.27 2.87
Mar-00 0.29 759.2 581.8 0.17 1.84

3 Feb-99 0.68 941.1 253.0 0.47 2.73
Mar-99 0.71 1902.8 747.4 0.60 1.48
Apr-99 0.63 1436.7 603.7 0.51 1.71
May-99 0.43 1251.6 784.9 0.30 1.89
Jun-99 0.82 1506.2 539.5 0.70 1.47
Jul-99 0.82 1897.6 725.3 0.70 1.26
Sep-99 0.78 1865.4 715.7 0.66 1.44
Oct-99 0.77 1106.0 317.9 0.65 2.17
Nov-99 0.56 903.9 376.4 0.44 1.94
Dec-99 0.54 1077.9 327.8 0.42 3.22
Jan-00 0.38 531.1 245.4 0.26 2.98
Feb-00 0.23 1501.0 913.7 0.10 6.65
Mar-00 0.11 -- -- -- --

Extinction coefficient = (lnPARsurf - lnPARbot)/z and z = water depth - 0.122 m
PAR in Treatment 1 (Test Cell 13) influenced by macrophyte and submerged aquatic vegetation shading
a Treatment 1 was operated as a batch system from January - March 2000; these data are presented in Appendix D.

Notes: 

Period-of-Record, Quarterly, and Monthly Summaries of PAR Extinction Measurements from the ENR Test Cells, 
February 1999 - March 2000
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generally varied between 1.03 and 2.94 m-1 until September 1999 and October 1999 when
values increased to 4.8 and 10.5 m-1 in Treatment 1. Extinction coefficients in Treatments 2
and 3 (Test Cells 8 and 3) also increased somewhat between September 1999 and February
2000, indicating the color or clarity of the inflow water declined during this period. In
February 2000, the extinction coefficient for Treatment 3 reached a maximum value of
6.65 m –1 for the study period.

B.10 Diel Study
Diel samples were collected from the PSTA Test Cells on October 5 and 6, 1999. Sample
collection began at 16:32 on October 5 and continued at approximately 4-hour intervals until
15:10 on October 6. Samples were collected for TP, DRP, TDP, and TSS from the Head Cell
and from the outflow from each of the three PSTA Test Cells. Samples were collected from
the outflows of each Test Cell twice (00:00 and 12:00 on October 6) for algae counts and
identification and for chlorophyll a. This section provides a preliminary summary of some
of the data collected during this sampling event.

B.10.1 Phosphorus and TSS Trends
Exhibit B-26 illustrates the data trends for TP. Outflow TP from Test Cell 13 was typically
higher than inflow concentrations during this period while outflow TP concentrations from
Test Cells 3 and 8 were consistently lower. These data indicate that TP concentration exiting
the Head Cell and the Test Cells was slightly higher during the night than during the day.

Exhibit B-27 illustrates the data trends for TPP. Outflow TPP from Test Cell 13 was
consistently higher than inflow concentrations during this period while outflow TPP
concentrations from Test Cells 3 and 8 were consistently lower. There was no consistent diel
trend in TPP concentration evident during this 24-hour period.

Exhibit B-28 illustrates the data trends for TSS. Outflow TSS from all of the PSTA Test Cells
was typically higher than inflow concentrations during this period. The high spike recorded
for Test Cell 8 illustrates the apparent effect of entraining a small amount of biological tissue
into the sample. These data indicate that TSS concentration exiting the Head Cell and the
Test Cells was slightly higher during daylight hours than during the night.

Exhibit B-29 illustrates the data trends for TDP. Outflow TDP was similar for all of the test
cells and typically lower than in the inflow water. There was no consistent diel trend in TDP
concentration evident during this 24-hour period.

Exhibit B-30 illustrates the data trends for DRP. Outflow DRP was similar for all of the test
cells and typically lower than in the inflow water. There was no consistent diel trend in DRP
concentration evident during this 24-hour period.

B.10.2 Algal Samples
Test Cell outflow samples averaged 2.8 micrograms per liter (µg/L) of corrected chlorophyll
a at midnight and 4.0 µg/L at noon. Algal biovolume reflected a similar trend for higher
export populations during the day (Exhibit B-31). The exported algal cell counts from
Treatment 1 (Test Cell 13) were dominated by blue-green (95 percent) species. The cell



Exhibit B-26
Diel Record of TP in the PSTA Test Cell Treatments on October 5-6, 1999
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Exhibit B-27
Diel Record of TPP in the PSTA Test Cell Treatments on October 5-6, 1999
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Exhibit B-28
Diel Record of TSS in the PSTA Test Cell Treatments on October 5-6, 1999
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Exhibit B-29
Diel Record of TDP in the PSTA Test Cell Treatments on October 5-6, 1999
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Exhibit B-30
Diel Record of SRP in the PSTA Test Cell Treatments on October 5-6, 1999
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Exhibit B-31
Diel Record of Algal Biovolume in the PSTA Test Cell Outflows on October 6, 1999
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counts from Treatments 2 and 3 (Test Cells 8 and 3) were dominated by blue-greens
(50 percent) and greens (39 percent), respectively.

Exported biovolume from Treatment 1 (Test Cell 13) was dominated by the euglenoid
Euglena sp., by the blue-green algae Cylindrospermum sp. and Oscillatoria limosa, and by the
green algae Oocystis solitaria and Tetraedron trigonum. Biovolume exported from Treatment 2
(Test Cell 8) was dominated by the diatom Cyclotella sp., the green alga Tetraedron trigonum,
the diatom Mastogloia smithii, and the dinoflagellates Peridinium inconspicuum and
P. aciculiferum. Biovolume exported from Treatment 3 (Test Cell 3) was dominated by the
euglenoids Euglena sp. and E. acus, the dinoflagellates Peridinium inconspicuum and P.
aciculiferum, and the green alga Tetraedron trigonum.
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APPENDIX C

Porta-PSTA Mesocosms

C.1 Porta-PSTA Treatments
A total of 24 Porta-PSTAs are deployed at the South ENR STRC. Six different priority
experimental treatments are replicated three times for a total of 18 mesocosms. The priority
experimental treatments identified for Phase 1 include:

•  Substrate type (peat vs. shellrock)
•  Water depth (60 cm or 30 cm average depth)
•  HLR (6 vs. 12 cm/d)
•  Variable water regime (0 to 60 cm variable water depth with variable HLR)

One set of three shellrock mesocosms (Treatment 6) receives variable inflows and has
variable water depth to simulate seasonally varied scale PSTA operation.

Six additional unreplicated treatments are being demonstrated in the remaining six
mesocosms. These treatments were included to demonstrate PSTA performance in treat-
ment configurations that may be less optimal than those covered in the replicated
mesocosms. These treatments include:

•  Two Porta-PSTAs with sand soils to act as substrate controls

•  A test of the effect of excluding all plants from both shellrock- and peat-based Porta-
PSTAs using Aquashade dye (plantless controls)

•  Two Porta-PSTAs that vary in depth:width ratio while holding other variables constant
to assess the effects of walls and their surface area:volume effect on Porta-PSTA
performance

Treatments 1, 2 and 8 were converted to batch systems in January 2000; these results are
discussed in Appendix D.

Porta-PSTA experimental treatments are summarized in Exhibit C-1.

C.2 Water Regime
The PSTA water regime includes the components of water depth fluctuations, HLR, and
water mass balance. Exhibit C-2 summarizes the Porta-PSTA water regime data for Phase 1.
Monthly water level, inflow, outflow, and HLR trend charts are presented by treatment in
Appendix I.

C.2.1 Water Depth
Water level measurements in the Porta-PSTA mesocosms were recorded by reading the staff
gauge installed near the outflow of each tank. Readings were taken approximately twice per
week.
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EXHIBIT C-1
Phase 1 Randomized Porta-PSTA Mesocosm/Treatment Combinations

Treatment
# Substrate Periphyton Macrophytes

Water Depth
(cm)

HLR
(cm/d)

Width
(m)

Tank

#
Study
Period

1a Peat Yes Yes 60 6 1 9 4/99-12/99

1b Peat Yes Yes 60 6 1 11 4/99-12/99

1c Peat Yes Yes 60 6 1 18 4/99-12/99

2a Shellrock Yes Yes 60 6 1 7 4/99-12/99

2b Shellrock Yes Yes 60 6 1 4 4/99-12/99

2c Shellrock Yes Yes 60 6 1 8 4/99-12/99

3a Peat Yes Yes 30 6 1 17 4/99-3/00

3b Peat Yes Yes 30 6 1 14 4/99-3/00

3c Peat Yes Yes 30 6 1 12 4/99-3/00

4a Shellrock Yes Yes 30 6 1 10 4/99-3/00

4b Shellrock Yes Yes 30 6 1 5 4/99-3/00

4c Shellrock Yes Yes 30 6 1 3 4/99-3/00

5a Shellrock Yes Yes 60 12 1 16 4/99-3/00

5b Shellrock Yes Yes 60 12 1 2 4/99-3/00

5c Shellrock Yes Yes 60 12 1 13 4/99-3/00

6a Shellrock Yes Yes 0-60 0.8-12.0 1 6 4/99-3/00

6b Shellrock Yes Yes 0-60 0.8-12.0 1 15 4/99-3/00

6c Shellrock Yes Yes 0-60 0.8-12.0 1 1 4/99-3/00

7 Sand Yes Yes 30 6 1 19 4/99-3/00

8 Sand Yes Yes 60 6 1 20 4/99-12/99

9 Peat No No 60 6 1 21 4/99-3/00

10 Shellrock No No 60 6 1 22 4/99-3/00

11 Shellrock Yes Yes 30 6 3 23 4/99-3/00

12 Peat Yes Yes 30 6 3 24 4/99-3/00



Exhibit C-2
Water Balances for the Porta-PSTA Treatments, April 1999 - March 2000

Depth HLR ∆STORAGE Residual Residual
Treatment Month (m) (cm/d) (m3/d) (m3) (m3/d) (m3) (in) (m3) (mm) (m3) (m3) (m3) (% of inflow)

1 Apr-1999 0.593 4.92 0.295 9.15 0.294 9.13 0.71 0.11 128.92 0.77 -1.012 0.37 3.95
May-1999 0.668 4.73 0.284 8.79 0.209 6.48 2.09 0.32 137.33 0.82 0.012 1.80 19.73
Jun-1999 0.669 5.03 0.302 9.36 0.326 10.09 12.54 1.91 104.86 0.63 0.000 0.55 4.91
Jul-1999 0.665 5.42 0.325 10.08 0.277 8.60 3.18 0.48 136.10 0.82 -0.006 1.15 10.89
Aug-1999 0.663 5.51 0.331 10.25 0.187 5.80 9.36 1.43 120.04 0.72 0.024 5.13 43.92
Sep-1999 0.668 7.92 0.475 14.72 0.462 14.33 6.69 1.02 105.39 0.63 0.000 0.78 4.94
Oct-1999 0.669 10.15 0.609 18.88 0.584 18.09 13.86 2.11 96.96 0.58 0.006 2.31 11.01
Nov-1999 0.668 9.00 0.540 16.73 0.475 14.73 0.43 0.07 83.91 0.50 -0.027 2.29 13.63
Dec-1999 0.668 9.98 0.599 18.56 0.589 18.26 1.48 0.23 69.54 0.42 0.012 0.10 0.52
Jan-2000 0.667 9.07 0.544 16.87 0.488 15.14 1.15 0.18 --- --- -0.006 --- ---

2 Apr-1999 0.652 4.74 0.284 8.81 0.306 9.47 0.71 0.11 128.92 0.77 0.006 -1.33 -14.93
May-1999 0.647 4.74 0.284 8.81 0.279 8.65 2.09 0.32 137.33 0.82 0.009 -0.35 -3.87
Jun-1999 0.650 5.32 0.319 9.89 0.309 9.59 12.54 1.91 104.86 0.63 0.000 1.59 13.46
Jul-1999 0.652 5.48 0.329 10.20 0.262 8.11 3.18 0.48 136.10 0.82 -0.012 1.77 16.55
Aug-1999 0.652 5.36 0.322 9.97 0.209 6.48 9.36 1.43 120.04 0.72 0.018 4.18 36.68
Sep-1999 0.651 8.18 0.491 15.22 0.397 12.31 6.69 1.02 105.39 0.63 0.018 3.28 20.19
Oct-1999 0.653 8.81 0.528 16.38 0.541 16.78 13.86 2.11 96.96 0.58 -0.012 1.14 6.15
Nov-1999 0.656 9.29 0.557 17.28 0.544 16.86 0.43 0.07 83.91 0.50 0.012 -0.03 -0.20
Dec-1999 0.653 9.29 0.558 17.28 0.524 16.26 1.48 0.23 69.54 0.42 -0.043 0.88 5.02
Jan-2000 0.653 9.06 0.544 16.85 0.529 16.39 1.15 0.18 --- --- 0.012 --- ---

3 Apr-1999 0.316 4.57 0.274 8.50 0.387 12.00 0.71 0.11 128.92 0.77 0.000 -4.17 -48.38
May-1999 0.317 4.66 0.280 8.67 0.235 7.29 2.09 0.32 137.33 0.82 -0.009 1.24 13.81
Jun-1999 0.318 5.03 0.302 9.36 0.329 10.19 12.54 1.91 104.86 0.63 0.006 0.45 3.99
Jul-1999 0.319 5.28 0.317 9.81 0.298 9.25 3.18 0.48 136.10 0.82 0.006 0.23 2.22
Aug-1999 0.314 5.32 0.319 9.90 0.123 3.82 9.36 1.43 120.04 0.72 0.012 6.77 59.77
Sep-1999 0.318 7.81 0.468 14.52 0.354 10.98 6.69 1.02 105.39 0.63 0.018 3.91 25.14
Oct-1999 0.319 9.27 0.556 17.23 0.531 16.47 13.86 2.11 96.96 0.58 -0.012 2.30 11.90
Nov-1999 0.319 8.89 0.534 16.54 0.498 15.43 0.43 0.07 83.91 0.50 -0.037 0.71 4.27
Dec-1999 0.319 9.87 0.592 18.35 0.585 18.14 1.48 0.23 69.54 0.42 0.000 0.02 0.10
Jan-2000 0.317 8.54 0.512 15.88 0.501 15.52 1.15 0.18 --- --- -0.043 --- ---
Feb-2000 0.316 8.48 0.509 15.77 0.473 14.67 0.72 0.11 --- --- 0.003 --- ---
Mar-2000 0.316 7.45 0.447 13.86 0.415 12.86 4.38 0.67 --- --- 0.037 --- ---

4 Apr-1999 0.368 5.16 0.310 9.60 0.382 11.85 0.71 0.11 128.92 0.77 -0.006 -2.91 -29.96
May-1999 0.370 4.89 0.293 9.10 0.355 11.01 2.09 0.32 137.33 0.82 0.006 -2.42 -25.74
Jun-1999 0.370 5.25 0.315 9.76 0.340 10.54 12.54 1.91 104.86 0.63 0.000 0.50 4.31
Jul-1999 0.370 5.53 0.332 10.29 0.289 8.97 3.18 0.48 136.10 0.82 0.000 0.98 9.14
Aug-1999 0.368 5.24 0.314 9.74 0.235 7.29 9.36 1.43 120.04 0.72 0.018 3.13 28.05
Sep-1999 0.371 7.56 0.454 14.06 0.415 12.86 6.69 1.02 105.39 0.63 -0.006 1.60 10.59
Oct-1999 0.370 9.58 0.575 17.83 0.577 17.90 13.86 2.11 96.96 0.58 -0.015 1.47 7.38
Nov-1999 0.371 8.85 0.531 16.45 0.517 16.03 0.43 0.07 83.91 0.50 0.000 -0.01 -0.07
Dec-1999 0.379 9.60 0.576 17.86 0.590 18.30 1.48 0.23 69.54 0.42 -0.012 -0.63 -3.46
Jan-2000 0.365 9.52 0.571 17.71 0.596 18.48 1.15 0.18 --- --- -0.018 --- ---
Feb-2000 0.369 8.99 0.539 16.72 0.574 17.79 0.72 0.11 --- --- -0.006 --- ---
Mar-2000 0.367 7.37 0.442 13.72 0.424 13.13 4.38 0.67 --- --- -0.006 --- ---

5 Apr-1999 0.652 10.09 0.606 18.77 0.688 21.33 0.71 0.11 128.92 0.77 0.018 -3.24 -17.16
May-1999 0.652 8.58 0.515 15.96 0.550 17.06 2.09 0.32 137.33 0.82 0.043 -1.64 -10.09
Jun-1999 0.648 9.48 0.569 17.64 0.590 18.30 12.54 1.91 104.86 0.63 0.000 0.63 3.20
Jul-1999 0.646 9.77 0.586 18.17 0.566 17.56 3.18 0.48 136.10 0.82 0.018 0.26 1.38
Aug-1999 0.647 10.72 0.643 19.93 0.469 14.55 9.36 1.43 120.04 0.72 -0.024 6.12 28.63
Sep-1999 0.645 11.51 0.691 21.41 0.321 9.94 6.69 1.02 105.39 0.63 0.018 11.84 52.78
Oct-1999 0.650 18.43 1.106 34.29 1.012 31.38 13.86 2.11 96.96 0.58 0.012 4.42 12.15
Nov-1999 0.651 18.78 1.127 34.93 1.065 33.00 0.43 0.07 83.91 0.50 0.018 1.48 4.22
Dec-1999 0.650 18.65 1.119 34.68 1.116 34.60 1.48 0.23 69.54 0.42 0.012 -0.12 -0.33
Jan-2000 0.444 18.65 1.119 34.68 1.097 34.00 1.15 0.18 --- --- -1.798 --- ---
Feb-2000 0.349 18.26 1.096 33.97 1.088 33.73 0.72 0.11 --- --- -0.006 --- ---
Mar-2000 0.347 13.15 0.789 24.46 0.728 22.56 4.38 0.67 --- --- -0.018 --- ---

6 Apr-1999 0.541 3.66 0.219 6.80 0.280 8.68 0.71 0.11 128.92 0.77 -1.725 -0.82 -11.86
May-1999 0.356 2.33 0.140 4.33 0.120 3.72 2.09 0.32 137.33 0.82 0.018 0.08 1.82
Jun-1999 0.658 6.74 0.404 12.53 0.433 13.43 12.54 1.91 104.86 0.63 0.000 0.38 2.64
Jul-1999 0.657 8.10 0.486 15.07 0.478 14.82 3.18 0.48 136.10 0.82 0.000 -0.08 -0.52
Aug-1999 0.656 8.08 0.485 15.03 0.244 7.55 9.36 1.43 120.04 0.72 0.018 8.17 49.64
Sep-1999 0.658 10.95 0.657 20.36 0.522 16.18 6.69 1.02 105.39 0.63 -0.006 4.58 21.41
Oct-1999 0.658 6.79 0.408 12.63 0.454 14.07 13.86 2.11 96.96 0.58 0.000 0.09 0.61
Nov-1999 0.415 4.04 0.242 7.51 0.240 7.43 0.43 0.07 83.91 0.50 -1.811 1.45 19.18
Dec-1999 0.355 1.80 0.108 3.34 0.123 3.81 1.48 0.23 69.54 0.42 -0.018 -0.64 -17.89
Jan-2000 0.186 5.34 0.320 9.93 0.351 10.88 1.15 0.18 --- --- -1.201 --- ---
Feb-2000 0.156 4.72 0.283 8.79 0.283 8.76 0.72 0.11 --- --- 0.015 --- ---
Mar-2000 0.155 4.00 0.240 7.44 0.255 7.90 4.38 0.67 --- --- 0.043 --- ---

Inflow Outflow Rainfall ET
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Exhibit C-2
Water Balances for the Porta-PSTA Treatments, April 1999 - March 2000

Depth HLR ∆STORAGE Residual Residual
Treatment Month (m) (cm/d) (m3/d) (m3) (m3/d) (m3) (in) (m3) (mm) (m3) (m3) (m3) (% of inflow)

Inflow Outflow Rainfall ET

7 Apr-1999 0.678 4.94 0.296 9.18 0.307 9.52 0.71 0.11 128.92 0.77 0.000 -1.01 -10.87
May-1999 0.679 5.08 0.305 9.45 0.223 6.92 2.09 0.32 137.33 0.82 0.000 2.02 20.70
Jun-1999 0.664 4.80 0.288 8.93 0.416 12.91 12.54 1.91 104.86 0.63 0.000 -2.70 -24.90
Jul-1999 0.371 5.83 0.350 10.85 0.381 11.82 3.18 0.48 136.10 0.82 0.000 -1.31 -11.52
Aug-1999 0.369 5.64 0.338 10.48 0.302 9.37 9.36 1.43 120.04 0.72 0.000 1.82 15.25
Sep-1999 0.371 7.21 0.432 13.40 0.173 5.35 6.69 1.02 105.39 0.63 -0.037 8.48 58.77
Oct-1999 0.368 9.58 0.575 17.82 0.408 12.65 13.86 2.11 96.96 0.58 0.000 6.69 33.59
Nov-1999 0.367 9.28 0.557 17.26 0.494 15.30 0.43 0.07 83.91 0.50 -0.018 1.54 8.89
Dec-1999 0.385 8.72 0.523 16.22 0.639 19.81 1.48 0.23 69.54 0.42 -1.024 -2.76 -16.79
Jan-2000 0.369 9.10 0.546 16.93 0.515 15.98 1.15 0.18 --- --- 0.073 --- ---
Feb-2000 0.368 9.05 0.543 16.83 0.546 16.92 0.72 0.11 --- --- 0.009 --- ---
Mar-2000 0.366 6.66 0.400 12.39 0.356 11.03 4.38 0.67 --- --- 0.000 --- ---

8 Apr-1999 0.702 5.65 0.339 10.51 0.346 10.71 0.71 0.11 128.92 0.77 0.000 -0.87 -8.17
May-1999 0.709 5.20 0.312 9.67 0.165 5.11 2.09 0.32 137.33 0.82 1.939 2.12 21.20
Jun-1999 0.658 5.23 0.314 9.73 0.256 7.92 12.54 1.91 104.86 0.63 0.000 3.09 26.55
Jul-1999 0.702 6.44 0.386 11.98 0.265 8.23 3.18 0.48 136.10 0.82 -0.018 3.44 27.57
Aug-1999 0.702 6.31 0.379 11.74 0.251 7.77 9.36 1.43 120.04 0.72 0.037 4.64 35.26
Sep-1999 0.700 7.26 0.436 13.50 0.196 6.06 6.69 1.02 105.39 0.63 0.055 7.77 53.52
Oct-1999 0.707 10.00 0.600 18.59 0.591 18.33 13.86 2.11 96.96 0.58 0.018 1.78 8.58
Nov-1999 0.704 9.05 0.543 16.84 0.436 13.52 0.43 0.07 83.91 0.50 0.000 2.88 17.06
Dec-1999 0.706 9.10 0.546 16.92 0.533 16.52 1.48 0.23 69.54 0.42 0.000 0.21 1.25
Jan-2000 0.704 9.00 0.540 16.74 0.522 16.18 1.15 0.18 --- --- 0.000 --- ---

9 Apr-1999 0.645 5.39 0.323 10.02 0.346 10.71 0.71 0.11 128.92 0.77 0.000 -1.36 -13.45
May-1999 0.647 5.27 0.316 9.80 0.230 7.14 2.09 0.32 137.33 0.82 0.037 2.12 20.93
Jun-1999 0.649 5.07 0.304 9.42 0.267 8.29 12.54 1.91 104.86 0.63 0.000 2.42 21.31
Jul-1999 0.648 5.38 0.323 10.01 0.226 7.01 3.18 0.48 136.10 0.82 -0.037 2.70 25.76
Aug-1999 0.645 5.38 0.323 10.00 0.204 6.31 9.36 1.43 120.04 0.72 0.677 3.72 32.52
Sep-1999 0.648 6.80 0.408 12.65 0.360 11.15 6.69 1.02 105.39 0.63 -0.018 1.91 13.96
Oct-1999 0.650 8.69 0.521 16.16 0.619 19.18 13.86 2.11 96.96 0.58 0.018 -1.51 -8.25
Nov-1999 0.651 8.95 0.537 16.64 0.508 15.75 0.43 0.07 83.91 0.50 -0.018 0.47 2.83
Dec-1999 0.654 9.58 0.575 17.82 0.625 19.37 1.48 0.23 69.54 0.42 0.018 -1.76 -9.77
Jan-2000 0.649 9.54 0.572 17.74 0.592 18.34 1.15 0.18 --- --- 0.000 --- ---
Feb-2000 0.649 9.43 0.566 17.53 0.600 18.59 0.72 0.11 --- --- -0.009 --- ---
Mar-2000 0.562 8.39 0.503 15.60 0.477 14.78 4.38 0.67 --- --- -1.811 --- ---

10 Apr-1999 0.648 6.04 0.363 11.24 0.274 8.48 0.71 0.11 128.92 0.77 0.018 2.08 18.29
May-1999 0.648 4.16 0.250 7.74 0.140 4.35 2.09 0.32 137.33 0.82 0.000 2.89 35.79
Jun-1999 0.649 4.71 0.283 8.76 0.298 9.25 12.54 1.91 104.86 0.63 0.000 0.80 7.46
Jul-1999 0.650 5.41 0.325 10.07 0.220 6.81 3.18 0.48 136.10 0.82 -0.018 2.95 27.92
Aug-1999 0.642 5.35 0.321 9.94 0.217 6.73 9.36 1.43 120.04 0.72 0.073 3.85 33.82
Sep-1999 0.652 7.33 0.440 13.63 0.263 8.15 6.69 1.02 105.39 0.63 0.055 5.81 39.65
Oct-1999 0.653 9.99 0.600 18.59 0.569 17.65 13.86 2.11 96.96 0.58 -0.009 2.47 11.96
Nov-1999 0.655 8.47 0.508 15.75 0.474 14.71 0.43 0.07 83.91 0.50 0.055 0.55 3.47
Dec-1999 0.656 9.29 0.558 17.29 0.576 17.86 1.48 0.23 69.54 0.42 0.000 -0.76 -4.34
Jan-2000 0.655 9.54 0.572 17.74 0.568 17.60 1.15 0.18 --- --- 0.000 --- ---
Feb-2000 0.652 8.20 0.492 15.24 0.476 14.76 0.72 0.11 --- --- -0.027 --- ---
Mar-2000 0.561 7.15 0.429 13.30 0.388 12.03 4.38 0.67 --- --- -1.847 --- ---

11 Apr-1999 0.332 5.02 0.904 28.02 0.706 21.87 0.71 0.32 128.92 2.32 0.219 3.93 13.87
May-1999 0.337 5.41 0.973 30.17 0.783 24.26 2.09 0.96 137.33 2.47 0.000 4.40 14.12
Jun-1999 0.338 5.48 0.986 30.56 1.154 35.77 12.54 5.73 104.86 1.89 0.000 -1.36 -3.76
Jul-1999 0.340 5.63 1.013 31.41 1.064 32.97 3.18 1.45 136.10 2.45 0.000 -2.56 -7.78
Aug-1999 0.339 5.32 0.958 29.69 1.034 32.06 9.36 4.28 120.04 2.16 0.000 -0.25 -0.74
Sep-1999 0.342 5.82 1.047 32.46 1.094 33.93 6.69 3.06 105.39 1.90 0.055 -0.36 -1.00
Oct-1999 0.342 8.51 1.532 47.49 1.526 47.32 13.86 6.34 96.96 1.75 0.055 4.70 8.74
Nov-1999 0.343 9.78 1.761 54.58 1.755 54.41 0.43 0.20 83.91 1.51 -0.055 -1.09 -1.98
Dec-1999 0.344 9.45 1.701 52.74 1.617 50.14 1.48 0.68 69.54 1.25 -0.055 2.08 3.89
Jan-2000 0.344 9.56 1.720 53.33 1.690 52.40 1.15 0.53 --- --- 0.000 --- ---
Feb-2000 0.344 9.25 1.666 51.63 1.647 51.05 0.72 0.33 --- --- 0.000 --- ---
Mar-2000 0.342 7.60 1.368 42.41 1.288 39.93 4.38 2.00 --- --- 0.000 --- ---

12 Apr-1999 0.362 5.34 0.960 29.77 0.893 27.68 0.71 0.32 128.92 2.32 0.055 0.05 0.16
May-1999 0.363 5.87 1.057 32.75 1.115 34.57 2.09 0.96 137.33 2.47 -0.329 -3.00 -8.91
Jun-1999 0.369 5.52 0.993 30.79 1.160 35.96 12.54 5.73 104.86 1.89 -0.439 -0.89 -2.43
Jul-1999 0.356 5.70 1.027 31.82 0.971 30.09 3.18 1.45 136.10 2.45 -0.055 0.80 2.39
Aug-1999 0.353 5.77 1.039 32.22 1.075 33.32 9.36 4.28 120.04 2.16 0.000 1.01 2.78
Sep-1999 0.354 5.90 1.062 32.93 1.126 34.89 6.69 3.06 105.39 1.90 0.000 -0.80 -2.23
Oct-1999 0.354 8.79 1.582 49.04 1.502 46.57 13.86 6.34 96.96 1.75 0.000 7.06 12.75
Nov-1999 0.353 8.82 1.587 49.20 1.483 45.98 0.43 0.20 83.91 1.51 0.000 1.91 3.87
Dec-1999 0.355 9.95 1.791 55.54 1.788 55.41 1.48 0.68 69.54 1.25 0.055 -0.51 -0.90
Jan-2000 0.354 9.57 1.723 53.40 1.772 54.94 1.15 0.53 --- --- -0.055 --- ---
Feb-2000 0.353 9.16 1.650 51.14 1.519 47.10 0.72 0.33 --- --- 0.000 --- ---
Mar-2000 0.355 8.00 1.441 44.66 1.376 42.65 4.38 2.00 --- --- 0.439 --- ---
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Exhibit C-2 summarizes the average water depths by month for each treatment since
operation began in April 1999. Actual measured water depths are close to desired settings in
most treatments. Water depth in Treatment 7 (shallow sand) was lowered from 60 cm to
approximately 30 cm in July 1999.

C.2.2 Water Inflows and Hydraulic Loading Rate
Water inflows to the Porta-PSTA mesocosms are estimated twice per week based on timed
volume measurements at the inlet of each mesocosm. Outflows are estimated using the
same method at each mesocosm outlet.

Water flows and HLRs have been variable since project startup. An increasing trend can be
seen in the monthly averages summarized in Exhibit C-2. Water inflows were purposely
increased to prevent plugging of the flow control valves and to provide more consistent
operation. All results should be interpreted in light of the actual measured HLRs
summarized in Exhibit C-2 rather than based on the planned settings.

C.2.3 Water Balance
Exhibit C-2 presents monthly average water balances for each Porta-PSTA treatment since
startup. Rainfall and ET data were provided by the District. ET data were not available for
January – March 2000. Rainfall and ET averages are the same as those summarized in
Appendix B for the Test Cells. Change in storage was estimated as the product of the
mesocosm area and the change in water level between the beginning and end of each
month.

In general, higher residuals associated with the first month of operation can be attributed to
flow variation associated with startup. Most of the water balance monthly residuals are less
than 25 percent. Higher values are an indication of the periodic nature of outflow measure-
ments and the effect of intermittent flow from clogging of the inlet valves. Because of the
uncertainty related to outflow measurements, the mass balances presented in this section
only rely on the inflow hydraulic loadings.

C.3 Tracer Studies
Tracer studies provide a means of estimating the mean hydraulic residence time (HRT) and
degree of mixing in aquatic treatment systems (Kadlec and Knight, 1996). Because these
analyses can offer significant insight into treatment performance, tracer studies required by
the PSTA Research Plan (CH2M HILL, 1999a) are being conducted at the PSTA Test Cells
and in the Porta-PSTA mesocosm tanks.

An initial tracer experiment was conducted at Tank 7 (deep shellrock) to evaluate sampling
methods, determine sample frequency requirements, and investigate the feasibility of using
sodium bromide (NaBr) as a tracer. The second series of experiments, conducted at Tanks 7
(deep shellrock), 10 (shallow shellrock), and 23 (shallow shellrock), were performed to
compare the results generated by two tracers, NaBr and lithium chloride (LiCl). Tracer
studies were conducted at the Porta-PSTA Mesocosm site (Tanks 7, 10, and 23) during the
3rd and 4th quarters. These studies were performed to estimate the mean hydraulic residence
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time (HRT) and to determine the degree of mixing. The two tracer studies are presented
below.

C.3.1 Tank 7 Tracer Study (3rd Quarter)
The primary objectives of this tracer study are presented below:

•  To evaluate and refine the testing procedures described in the technical memorandum,
Periphyton-based Stormwater Treatment Area (PSTA) Research and Development Project –
Tracer Study Plan (CH2M HILL, 1998). This test was primarily for the purpose of
methods development.

•  To evaluate the use of sodium bromide as a tracer to be used in conjunction with the
lithium chloride solution proposed in the above-referenced document. Because bromide
ion (Br-) concentrations can be determined in the field, the total cost for lithium analyses
may be reduced by sending a sub-set of the lithium samples to the laboratory.

Study conditions and results are summarized in Exhibits C-3 and C-4, respectively.

The tracer study data were interpreted following the methods summarized by Kadlec and
Knight (1996). The measured concentration of Sample 1, 3.4 mg/L, was assumed to be the
background concentration for the study. As indicated previously, the experiment could not
be completed because the tank required structural repairs. Exhibit C-4 presents a summary
of the tracer study results. Appendix I presents the detailed calculations.

A portion of the tail of the curve was extrapolated based upon measured data following the
peak of the distribution. The tail was extrapolated for 4-hour time steps from February 22,
1999, at 04:30 to an endpoint at May 30, 1999, at 20:30. The endpoint of the experiment was
selected at a point where the change in total mass diminished significantly with each
consecutive time step.

An artifact of this extrapolation procedure is that complete mass recovery of the tracer can
not be achieved because the manipulated curve becomes asymptotic to the background
concentration. This procedure may also artificially lengthen the duration of the tracer study.
However, the estimated 90 percent mass recovery is acceptable for the purposes of this
initial study.

The calculated HRT for Tank 7 was estimated to be 19.6 days. This value exceeds the
nominal HRT of 10.8 days. This experimental artifact could be the result of insufficient flow
monitoring during this preliminary study. Lower inflows than desired during a portion of
the study could result in the longer observed HRT. Another possible explanation of this
artifact is adsorption/desorption of the bromide in the sediments. This possibility was
tested by adding bromide to a jar containing shellrock. No bromide was lost from solution,
which indicates that variable inflows are the likely explanation for the observed long
residence time.

The number of tanks-in-series (1.2) estimated from this data set indicates that the system
was relatively well mixed and does not follow plug-flow hydraulics. This condition is
expected to change somewhat during the course of the research as wind mixing decreases in
response to increasing periphyton and macrophyte cover in the PSTA mesocosms.
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Exhibit C-3: Porta-PSTA Cell 7 Bromide Tracer Study
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Exhibit C-4
Summary of Tracer Study Results

PortaPSTA Tracer Test - Cell 7

Volume of NaBr Solution Applied: 0.917 L Nominal HRT: 10.83 d
Concentration of Br Applied: 332,030.25              mg/L Avg. Flow: 0.36 m3/d
Mass of Br Applied: 304.588 g Avg. HLR: 6.0 cm/d
Date/Time of Application: 01/29/1999 15:15 Nominal Volume: 3.9 m3

Background Br Concentration: 3.40 mg/L

Mass Recovery = 90%

Excel Solver Routine Used to determine Peclet Number.  (Pe = 1/ )

Mean Residence Time τ a (d) = 19.557 M1/M0
σ2 (d2) = 332.304 M2/M0

Number of Tanks   N = 1.151 τ a
2/σ2

Volumetric Efficiency = 1.805 τα/τν
Dimensionless Variance = 0.869 1/N

Wetland Dispersion Number  = 2.374 Solver

2.374
Dimensionless Variance Guess

Pe = 0.421278903 0.87319974

DFB/exc.xls
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C.3.2 Tanks 7, 10, and 23 Tracer Study (4th Quarter)
A preliminary tracer study of PSTA Tank 7 in March 1999 validated the experimental
approach and determined that sodium bromide is an effective tracer in lieu of or in
conjunction with lithium chloride (CH2M HILL, 1999b).

An additional tracer study was conducted from April to June 1999 that simultaneously
compared the effectiveness of two tracer solutions, NaBr and LiCl. The primary objectives of
the study were:

•  To characterize the hydraulic properties of Porta-PSTA tanks 7, 10, and 23

•  To compare the results generated by two different tracer solutions

•  To refine the experimental approach in preparation for tracer studies at the ENR Test
Cells

C.3.2.1 Materials and Methods
Porta-PSTA Tanks 7, 10, and 23 were selected because they represent the full range of depth
and volume treatments used for this mesocosm study. Flow data are presented in
Appendix I. Exhibit C-5 presents the design operating conditions for each experiment.
Tracer experiment methodology followed is described in a previous technical memorandum
(CH2M HILL, 1998).

EXHIBIT C-5
Design Operating Conditions in Porta-PSTA Mesocosms Evaluated in the Tracer Study

Parameter Tank 7 (PP-2) Tank 10 (PP-4) Tank 23 (PP-11)

Flow (m3/d) 0.36 0.36 1.08

Hydraulic Loading Rate (cm/d) 6.0 6.0 6.0

Depth (cm) 60 30 30

Surface Area (m2) 6 6 18

Nominal Hydraulic Residence Time (d) 10 5 5

Using an aluminum yardstick, average water depths in each tank were measured to be
64.6 cm, 36.3 cm, and 33.5 cm for Tanks 7, 10, and 23, respectively.

Tracer spike solutions were prepared using 40 percent LiCl brine (approximately
83,000 mg/L as Li ion) and 40 percent NaBr brine (approximately 360,000 mg/L as Br ion) to
yield average peak concentrations of 0.5 mg/L for lithium (as Li ion) and 200 mg/L for
bromide (as Br ion). The sources of the LiCl and NaBr stock solutions were FMC
Corporation, Gastonia, North Carolina, and Tetra Technologies, Inc., The Woodlands, Texas,
respectively.

The tracer solutions for each tank were combined in 1-gallon containers, stirred, and diluted
to a total volume of approximately 1-gallon with de-ionized water to reduce density differ-
ences between the tracer solutions and the feed water. The tracer solutions were applied to
each tank for a period of approximately 2 minutes by pouring the contents of the 1-gallon
containers into each tank at the location of the inlet pipe discharge. Tracer volumes and
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approximate diluted solution concentrations applied during the study are presented in
Exhibit C-6.

EXHIBIT C-6
Summary of Tracer Volumes and Solution Concentrations Applied During Study

Tank 7 Tank 10 Tank 23

Tracer Volume Concentration Volume Concentration Volume Concentration

LiCl 25 mL 550 mg/L as Li 10 mL 220 mg/L as Li 35 mL 770 mg/L as Li

NaBr 1.6 L 152,000 mg/L as Br 0.8 L 76,100 mg/L as Br 2.5 L 238,000 mg/L as Br

Automated ISCO samplers (Model 3700 with 24 1-liter teflon bottles) were deployed at the
outlets from each tank and were programmed to collect 750 milliliter (mL) samples at
4-hour intervals, beginning at the time of initial tracer application (1,745 hours on April 19,
1999). The ISCO bottles were rinsed with source water and de-ionized water following each
programmed cycle. The sampling frequency was reduced to an 8-hour interval on May 14,
1999. The ISCO samplers were removed on May 27, 1999, and grab samples were collected
from the tank outlets for the remainder of the study. Grab samples were also collected at the
ENR outflow pump station during the course of the experiment to verify that the discharge
from the study tanks would not raise the background concentrations of lithium and/or
bromide in discharges from the ENR to Water Catchment Area (WCA) 2.

A subset of 30 samples from each experiment was used to compare the two tracers. Bromide
samples were analyzed using an Orion ion-specific probe (Model No. 96-35). Four standard
solutions spanning the expected range of sample concentrations were prepared by diluting
a 0.1 molar stock bromide solution. The electro-potential (millivolts [mV]) of each standard
solution was measured using the ion-specific probe.

The measured electro-potentials of the samples were recorded, and concentrations were
calculated using the regression equations. Lithium samples were chilled with ice for
shipment to the laboratory. No other preservative was used for the lithium samples.

To assess the potential for the NaBr to be adsorbed to sediments and suspended particles,
1 liter of stock solution (approximately 350 mg/L as Br-) was mixed with dry shellrock
substrate and allowed to settle. The electro-potential was measured before, immediately
after, and 6 hours after mixing. No change in electro-potential (-118 mV) was observed,
which indicates that Br- was not adsorbed by the shellrock.

C.3.2.2 Results
The tracer study data were interpreted following the methods summarized by Kadlec and
Knight (1996). The concentrations of the first samples from each tank were used as the
background or starting concentrations. Appendix I presents the data collected for each
experiment. Flows corresponding with each sample were interpolated from the flow records
shown in Appendix I. Plots of tracer concentration versus time are also included in
Appendix I.
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Tracer Response Curves
Exhibits C-7 through C-9 show the tracer response curves (concentration versus time) for
Tanks 7, 10, and 23, respectively. Each figure superimposes the response curves for the two
tracers. The curves have been normalized by dividing the concentration of each sample by
the maximum observed concentration.

Comparison of Exhibits C-7 through C-9 indicates that LiCl and NaBr showed nearly
identical responses throughout the duration of the study. Tank 23 exhibited relatively lower
Li concentrations throughout study.

Hydraulic Characteristics
Exhibits C-10 through C-12 summarize the hydraulic characteristics of Tanks 7, 10, and 23,
as determined through this study.

The experimentally derived HRTs for each tank were longer than the nominal HRTs, which
indicates unsteady flow conditions. The inlet valves to the three tanks frequently plugged
with organic material, significantly reducing and sometimes completely stopping flow
between site visits.

EXHIBIT C-7
Porta-PSTA Tank 7 Normalized Tracer Response Curves

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

04
/1

9/
19

99
 1

7:
45

04
/2

9/
19

99
 1

7:
45

05
/0

9/
19

99
 1

7:
45

05
/1

9/
19

99
 1

7:
45

05
/2

9/
19

99
 1

7:
45

06
/0

8/
19

99
 1

7:
45

06
/1

8/
19

99
 1

7:
45

Sample Date/Time

N
or

m
al

iz
ed

 T
ra

ce
r C

on
ce

nt
ra

tio
n

Lithium (mg/L as Li+) Bromide (mg/L as Br-)



DFB/APP C.DOC C-12

EXHIBIT C-8
Porta-PSTA Tank 10 Normalized Tracer Response Curves
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EXHIBIT C-9
Porta-PSTA Tank 23 Normalized Tracer Response Curves
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EXHIBIT C-10
Tank 7 Combined Tracer Study Results

Parameter Operating Conditions LiCl Tracer NaBr Tracer

Average Depth (m) 0.65 - -

Average Volume (m3) 3.88 - -

Average Flow (m3/d) 0.28 - -

Nominal HRT (d) 14.0 - -

Mean HRT, τ (d) - 18.5 18.6

Variance, σ2 - 159.1 155.0

Number of Tanks, N - 2.15 2.22

Volumetric Efficiency (%) - 132 132

Dimensionless Variance - 0.46 0.45

Dispersion Number, D - 0.34 0.33

Tracer Mass Recovery ( percent) - 83 110

EXHIBIT C-11
Tank 10 Combined Tracer Study Results

Parameter Operating Conditions LiCl Tracer NaBr Tracer

Average Depth (m) 0.36 - -

Average Volume (m3) 2.18 - -

Average Flow (m3/d) 0.27 - -

Nominal HRT (d) 8.2 - -

Mean HRT, τ (d) - 14.6 14.7

Variance, σ2 - 142.8 151.6

Number of Tanks, N - 1.49 1.42

Volumetric Efficiency (%) - 178 179

Dimensionless Variance - 0.67 0.71

Dispersion Number, D - 0.75 0.87

Tracer Mass Recovery - 98 120

EXHIBIT C-12
Tank 23 Combined Tracer Study Results

Parameter Operating Conditions LiCl Tracer NaBr Tracer

Average Depth (m) 0.34 - -

Average Volume (m3) 6.14 - -

Average Flow (m3/d) 0.96 - -

Nominal HRT (d) 6.4 - -

Mean HRT, τ (d) - 14.8 17.1
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EXHIBIT C-12
Tank 23 Combined Tracer Study Results

Parameter Operating Conditions LiCl Tracer NaBr Tracer

Variance, σ2 - 150.7 166.8

Number of Tanks, N - 1.45 1.75

Volumetric Efficiency (%) - 228 266

Dimensionless Variance - 0.69 0.57

Dispersion Number, D - 0.81 0.50

Tracer Mass Recovery ( percent) - 75 87

The relatively low estimates of the tanks-in-series parameter (N) and high volumetric
efficiencies further suggest that the inconsistent inflows retarded the movement of the
tracers through the tanks. These parameters also indicate that the tanks are between well
mixed and plug flow. The estimated tanks-in-series increased for tank 7 from approximately
1.2 to 2.2 between the first and second tracer studies.

C.3.2.3 Discussion
The testing procedures used for this study provide sufficient data to determine the
hydraulic characteristics of the experimental systems at the PSTA research site. LiCl and
NaBr produce similar results with deviations most likely attributable to analytical error.
Continuous or more infrequent inflow and outflow measurements will be conducted during
future tracer studies to reduce variation between actual and nominal HRTs.

Elevated bromide concentrations were not detected at the ENR outflow pump station.
Lithium samples from the ENR pump station were within the range of background
conditions for the ENR.

Bromide adsorption was not observed for the shellrock substrate at the Porta-PSTA site.
NaBr can be used for future Porta-PSTA tracer studies. This approach offers distinct
advantages over the use of LiCl in these mesocosms, including inexpensive onsite analysis
of the samples and rapid data turn-around.

C.4  Field Parameters
Field parameters (water temperature, pH, DO, percent saturation, salinity, TDS, and specific
conductance) are measured weekly in the Porta-PSTAs at the inflow and outflow points,
and monthly at one internal station. In addition, one recording data sonde unit is installed
in the Head Tank to continuously document inflow conditions. Two recording data sonde
units are routinely rotated between the mesocosms every 3 to 4 days to provide diel
monthly records for each Test Cell.

Exhibit C-13 summarizes the field parameter data as monthly averages available for each
treatment for Phase 1. Appendix I provides monthly trend graphics for key parameters
measured at the Porta-PSTAs.



Exhibit C-13
Monthly Average Values of Selected Field Parameters Collected at the Porta-PSTA Head Tank and Twelve Porta-PSTA Treatments, April 1999 - March 2000

Head Tank 1a 2a 3 4 5 6 7 8a 9 10 11 12

(Peat) (Shellrock) (Peat) (Shellrock) (Shellrock)

(Shellrock-
Variable 
Stage) (Sand) (Sand) (Peat) (Shellrock) (Shellrock) (Peat)

Outflow Outflow Outflow Outflow Outflow Outflow Outflow Outflow Outflow Outflow Outflow Outflow Outflow
Apr-99 25.58 26.12 24.69 26.76 24.99 27.22 25.59 26.21 26.50 26.39 26.29 27.52 28.08
May-99 26.67 26.44 26.43 26.11 26.27 27.39 25.33 26.86 27.09 27.48 27.52 27.28 28.71
Jun-99 27.40 27.77 27.28 27.43 27.57 28.05 27.48 27.22 28.34 26.89 24.60 26.17 26.01
Jul-99 29.28 30.20 29.41 30.63 29.91 31.05 29.76 31.12 30.70 29.98 30.31 32.86 32.45
Aug-99 29.02 29.77 30.76 29.65 29.75 30.07 29.15 29.08 28.97 28.66 28.03 28.27 30.42
Sep-99 29.18 27.56 27.73 27.22 27.75 29.43 27.77 26.70 25.25 26.75 26.73 23.28 21.85
Oct-99 26.12 27.20 27.04 27.46 25.71 26.45 26.23 27.18 22.70 20.83 24.04 21.60 23.04
Nov-99 23.22 22.35 22.13 21.22 22.69 21.79 21.70 21.35 21.91 17.30 22.20 16.70 19.43
Dec-99 21.66 20.57 19.07 19.55 18.15 18.61 16.36 21.23 21.82 15.89 14.98 17.20 18.50
Jan-00 19.35 21.79 21.52 20.08 16.90 19.92 18.18 17.30 -- 21.90 14.11 21.31 19.50
Feb-00 22.23 -- -- 18.02 20.86 19.48 19.11 17.09 -- 25.65 20.07 24.51 23.36
Mar-00 24.00 -- -- 22.46 23.33 23.46 22.24 22.91 -- -- 23.28 -- --
Apr-99 7.50 8.23 8.49 8.16 8.60 8.27 8.57 8.13 8.13 8.13 8.27 8.17 8.04
May-99 7.51 8.46 8.82 8.24 8.76 8.22 8.55 8.66 8.66 8.16 8.45 8.70 8.12
Jun-99 7.42 8.36 8.29 8.23 8.60 8.24 8.41 8.83 8.83 8.09 8.34 8.47 8.13
Jul-99 7.49 8.22 8.57 7.89 8.44 8.25 8.39 8.68 8.68 8.11 8.17 8.48 7.85
Aug-99 7.44 8.10 8.45 7.71 8.43 8.23 8.22 8.35 8.35 8.00 8.09 8.21 7.57
Sep-99 7.32 8.02 8.38 7.51 8.03 8.18 7.82 8.06 -- 7.85 7.88 7.84 7.62
Oct-99 7.53 7.87 8.04 7.53 7.87 7.82 7.99 7.77 8.06 7.61 7.90 7.67 7.53
Nov-99 7.65 7.86 8.05 7.55 7.95 7.77 8.19 7.69 -- 7.47 7.65 7.55 7.62
Dec-99 7.56 7.64 7.97 7.36 6.77 7.75 7.92 8.16 -- 7.66 7.45 7.68 7.34
Jan-00 7.60 7.98 7.98 7.53 7.49 7.76 7.63 -- -- 7.53 7.41 7.77 7.23
Feb-00 7.45 -- -- 7.34 7.66 7.69 7.71 7.64 -- 7.80 7.65 7.82 7.18
Mar-00 7.23 -- -- 7.23 7.89 7.63 7.53 8.11 -- -- 7.75 -- --
Apr-99 973 1250 1282 1070 1192 1176 1301 1345 1151 1442 1460 1154 1130
May-99 929 997 973 927 806 967 935 868 901 997 1025 827 1152
Jun-99 823 762 855 668 740 772 719 684 826 936 830 1027 1180
Jul-99 1042 866 839 926 900 936 846 846 819 888 871 888 962
Aug-99 1244 1120 1099 1223 1016 1177 1156 1074 1133 1153 1113 1082 1162
Sep-99 1228 1157 1074 1393 1172 1097 1149 1154 1192 1059 1217 1057 1210
Oct-99 1271 1261 1122 1379 1149 1192 1133 1210 1076 1094 1017 1135 1093
Nov-99 1109 1069 1051 1040 1053 1019 1046 1053 993 967 1113 1035 1052
Dec-99 1023 1017 1037 1058 947 1034 1026 969 965 990 956 884 963
Jan-00 980 973 978 952 915 951 903 931 -- 924 938 866 863
Feb-00 897 -- -- 887 863 860 859 839 -- 886 903 833 818
Mar-00 903 -- -- 884 796 885 870 790 -- -- 951
Apr-99 0.51 0.66 0.68 0.55 0.63 0.62 0.69 -- -- -- -- -- --
May-99 0.49 0.52 -- 0.49 -- 0.51 0.48 0.45 0.47 0.52 0.53 0.43 0.61
Jun-99 0.43 0.39 0.45 0.33 0.38 0.40 0.37 0.35 0.43 0.49 -- 0.54 0.64
Jul-99 0.55 -- 0.44 -- 0.47 0.49 0.44 -- -- -- -- -- --
Aug-99 0.66 -- 0.58 0.66 0.52 0.62 0.61 -- 0.60 0.61 -- -- --
Sep-99 0.65 0.61 0.56 0.74 0.62 0.58 0.59 -- 0.63 0.55 -- 0.54 0.60
Oct-99 -- 0.67 -- 0.77 -- -- -- 0.64 0.56 0.57 0.52 0.61 0.57
Nov-99 -- 0.56 -- 0.53 -- 0.52 -- 0.55 0.51 0.50 0.59 0.61 --
Dec-99 -- 0.56 -- 0.58 -- -- -- 0.50 -- 0.52 0.49 0.44 0.44
Jan-00 -- -- -- 0.50 0.48 0.50 0.45 0.49 -- 0.48 0.49 0.45 0.45
Feb-00 -- -- -- 0.46 0.45 0.45 0.45 0.44 -- 0.46 0.47 0.43 0.42
Mar-00 -- -- -- 0.46 0.41 0.46 0.45 0.41 -- -- -- -- --

Treatment

Parameter Month

Water Temp (deg C)

Conductivity (µmhos/cm)

pH (units)

Salinity (ppt)

DFB/exc.xls 1 of 2



Exhibit C-13
Monthly Average Values of Selected Field Parameters Collected at the Porta-PSTA Head Tank and Twelve Porta-PSTA Treatments, April 1999 - March 2000

Head Tank 1a 2a 3 4 5 6 7 8a 9 10 11 12

(Peat) (Shellrock) (Peat) (Shellrock) (Shellrock)

(Shellrock-
Variable 
Stage) (Sand) (Sand) (Peat) (Shellrock) (Shellrock) (Peat)

Outflow Outflow Outflow Outflow Outflow Outflow Outflow Outflow Outflow Outflow Outflow Outflow Outflow

Treatment

Parameter Month
Apr-99 0.623 0.798 0.822 0.670 0.766 0.760 0.837 -- -- -- --
May-99 0.595 0.642 -- 0.595 -- 0.628 0.594 0.553 0.573 0.634 0.651 0.527 0.746
Jun-99 0.527 0.488 0.548 0.416 0.472 0.494 0.460 0.438 0.528 0.599 0.530 0.655 0.754
Jul-99 0.667 0.554 0.537 0.593 0.576 0.599 0.541 0.542 0.524 0.568 0.557 0.569 0.616
Aug-99 0.796 0.717 0.704 0.783 0.650 0.751 0.740 0.687 0.725 0.738 0.712 0.692 0.744
Sep-99 0.786 0.740 0.687 0.892 0.750 0.702 0.735 0.739 0.763 0.678 0.779 0.677 0.775
Oct-99 0.813 0.807 0.718 0.883 0.735 0.763 0.725 0.774 0.689 0.700 0.651 0.726 0.699
Nov-99 0.710 0.684 0.673 0.666 0.673 0.652 0.669 0.674 0.635 0.621 0.712 0.662 0.673
Dec-99 0.655 0.651 0.664 0.677 0.661 0.662 0.689 0.620 0.617 0.634 0.604 0.566 0.616
Jan-00 0.627 0.623 0.626 0.609 0.586 0.609 0.562 0.595 -- 0.591 0.600 0.554 0.552
Feb-00 0.574 -- -- 0.567 0.552 0.550 0.552 0.537 -- 0.567 0.577 0.533 0.524
Mar-00 0.578 -- -- 0.566 0.510 0.567 0.557 0.506 -- -- 0.608 -- --
Apr-99 57.9 89.5 123.9 89.6 123.6 105.4 119.6 -- -- -- -- -- --
May-99 81.8 102.5 119.2 92.0 118.2 118.4 111.4 116.3 118.7 79.1 98.2 122.3 87.8
Jun-99 64.0 93.4 113.7 92.2 115.1 100.1 113.1 130.4 120.2 78.6 97.1 116.7 86.7
Jul-99 42.0 97.7 114.3 94.6 113.5 111.2 105.1 133.4 129.4 77.3 88.2 124.7 86.1
Aug-99 37.1 97.2 117.8 80.4 121.1 106.6 102.9 121.1 118.1 80.1 86.1 116.6 90.7
Sep-99 40.4 87.8 107.2 79.3 105.9 116.1 77.4 95.6 102.1 83.6 77.8 110.7 73.4
Oct-99 49.4 91.7 117.6 75.4 93.7 89.9 97.3 114.8 103.9 74.6 88.3 104.7 68.4
Nov-99 55.5 87.8 107.4 81.2 93.3 104.1 96.6 103.3 103.2 72.1 88.1 107.5 73.3
Dec-99 55.2 85.3 99.1 80.4 113.9 83.7 110.6 103.3 118.9 81.7 98.3 104.6 73.4
Jan-00 51.7 97.1 112.6 89.7 113.3 104.3 111.1 109.8 -- 63.0 92.7 114.9 67.0
Feb-00 55.5 -- -- 81.1 110.6 100.3 116.8 125.7 -- 89.2 86.9 100.0 55.4
Mar-00 45.7 -- -- 73.5 108.9 100.5 150.0 128.2 -- -- 85.6 -- --
Apr-99 4.72 7.06 10.40 7.32 10.05 8.39 9.87 7.40 7.11 6.72 7.71 7.79 7.09
May-99 6.51 8.23 9.88 7.47 9.69 9.29 8.87 9.21 9.39 6.23 7.71 9.53 6.64
Jun-99 5.05 7.18 8.96 7.19 9.05 7.84 8.91 10.30 9.32 6.26 8.68 9.38 7.00
Jul-99 3.18 7.25 8.46 6.96 8.60 8.24 8.01 9.86 9.61 5.83 6.63 8.94 6.20
Aug-99 2.82 7.26 8.74 6.06 9.12 8.05 7.84 9.06 9.01 6.16 6.89 8.68 6.74
Sep-99 3.07 6.96 8.29 5.94 8.23 8.90 6.13 7.64 8.34 6.66 6.18 9.54 6.03
Oct-99 4.00 7.23 9.71 5.92 8.00 7.56 8.07 9.06 8.92 6.61 7.40 9.33 5.86
Nov-99 4.72 7.49 9.29 7.04 8.04 9.17 8.28 9.29 9.01 6.96 7.71 10.42 6.76
Dec-99 4.89 7.91 9.08 7.34 8.04 7.66 8.93 9.13 10.41 7.87 9.92 9.97 6.63
Jan-00 4.77 8.48 10.08 8.15 11.03 9.47 10.19 10.52 -- 5.51 9.46 10.11 6.15
Feb-00 4.86 -- -- 7.71 9.83 9.37 10.92 11.88 -- 7.24 7.86 8.34 4.65
Mar-00 3.87 -- -- 6.32 9.16 8.66 13.85 10.95 -- -- 7.27 -- --

a Treatments 1, 2, and 8 were operated as batch systems from January - March 2000; these data are presented in Appendix D.

Dissolved Oxygen Saturation (%)

Dissolved Oxygen (mg/L)

Total Dissolved Solids (g/L)

DFB/exc.xls 2 of 2



DFB/APP C.DOC C-17

C.3.1  Temperature
Average water temperatures in the Head Tank and the mesocosms followed a seasonal cycle
with minimum values typically recorded in November 1999 to February 2000 (between 14.1
and 21.8°C) and higher values recorded during the summer months (29.3 to 32.9°C).
Monthly average outflow water temperatures were typically within 1 to 3 degrees of the
inflow temperatures.

C.4.2  pH
Consistent pH measurements were recorded during the study period for the Head Tank
with monthly average values ranging from 7.2 to 7.7 SU.   The period-of-record inflow
average pH was 7.5 SU while the outflow averages ranged from 6.8 to 8.8 SU. The overall
average outflow pH by substrate type was 8.1 for shellrock, 7.8 for peat, and 8.3 for sand.

C.4.3  Conductivity
Conductivity has been variable during Phase 1. Monthly average conductivity
measurements for the Head Tank ranged from 823 to 1,271 µmhos/cm. Conductivity
measurements in mesocosm outflows were also variable but generally mirrored the inflow
values.

C.4.4  Salinity
Salinity readings followed the same trends as conductivity. Salinity in the inflow water
varied between 0.43 and 0.66 ppt on a monthly average basis. Outflow salinity averages
generally mirrored the inflow values.

C.4.5  Total Dissolved Solids
Monthly average TDS concentrations in the inflow ranged between 0.53 and 0.81 g/L.
Outflow TDS values generally mirrored the inflow values.

C.4.6  Dissolved Oxygen
DO percent saturation and concentrations in the Head Tank varied in response to
temperature and biological activity in the ENR. Monthly average values in the inflow were
between 37 and 82 percent saturation and 2.8 and 6.5 mg/L. Monthly average outflow DO
was altered by travel through the mesocosms. The range of outflow monthly averages was
between 55 and 150 percent saturation and 4.7 and 13.8 mg/L. Long-term average values
were elevated in the shellrock treatments (8.4 mg/L) compared to the peat treatments
(6.8 mg/L). Long-term average DO in the sand treatments was even higher (9.3 mg/L).

C.5 Water Quality Data
Water quality samples were collected from the Head Tank and at different locations within
each mesocosm at varying frequencies in accordance with the PSTA Research Plan. Water
quality monitoring at the Porta-PSTAs parallels monitoring conducted at the South ENR
Test Cells as described in Appendix B.5.
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Monthly average values for water quality data collected from April 1999 to March 2000 at
the Head Tank and the Porta-PSTAs are presented in Exhibit C-14, and are summarized
below. Appendix I provides monthly trend graphics for key parameters measured at the
Porta-PSTAs.

C.5.1 Phosphorus
Detailed TP trend charts for all treatments are provided in Appendix I.

•  TP - Average monthly inflow concentrations ranged from 0.013 to 0.041 mg/L; average
monthly outflow concentrations ranged from 0.011 to 0.031 mg/L.

•  TPP - Average monthly inflow concentrations ranged from 0.002 to 0.016 mg/L; average
monthly outflow concentrations ranged from 0.003 to 0.021 mg/L.

•  TDP - Average monthly inflow concentrations ranged from 0.008 to 0.031 mg/L;
average monthly outflow concentrations ranged from 0.007 to 0.020 mg/L.

•  DRP - Average monthly inflow concentrations ranged from 0.003 to 0.013 mg/L;
average monthly outflow concentrations ranged from 0.001 to 0.011 mg/L.

•  DOP - Average monthly inflow concentrations ranged from 0.004 to 0.018 mg/L;
average monthly outflow concentrations ranged from 0 to 0.016 mg/L.

C.5.2 Nitrogen and Other Parameters
•  TN - Monthly average inflow concentrations ranged from 0.61 to 2.42 mg/L; monthly

average outflow TN concentrations ranged from 0.44 to 2.48 mg/L.

•  TKN - Monthly average inflow concentrations ranged from 0.51 to 2.42 mg/L; monthly
average outflow concentration ranged from 0.44 to 2.48 mg/L.

•  NO2+NO3-N - Monthly average inflow concentrations ranged from 0.02 to 0.12 mg/L;
monthly average outflow concentration ranged from 0.002 to 0.15 mg/L.

•  NH4-N - Monthly average inflow concentrations ranged from 0.002 to 0.10 mg/L;
monthly average outflow concentrations ranged from 0.001 to 0.20 mg/L.

•  Org-N - Monthly average inflow concentrations ranged from 0.49 to 2.4mg/L; monthly
average outflow concentrations ranged from 0.42 to 2.42 mg/L.

•  TOC - Monthly average inflow concentrations ranged from 18.4 to 42.7 mg/L; monthly
average outflow concentrations ranged from 18.7 to 46 mg/L.

•  Total Suspended Solids - Monthly average inflow concentrations ranged from 0.5 to
14 mg/L; monthly average TSS outflow concentrations ranged from 0.5 to 32 mg/L.

•  Calcium - Monthly average calcium inflow concentrations ranged from 36 to 97 mg/L;
monthly average calcium outflow concentrations ranged from 27.4 to 78.7 mg/L.

•  Alkalinity - Monthly average alkalinity inflow concentrations ranged from 160 to
288 mg/L as CaCO3; monthly average alkalinity outflow concentrations ranged from
112 to 250 mg/L as CaCO3.



Exhibit C-14
Monthly Average Values of Water Quality Data Collected at the Porta-PSTA Head Tank and Twelve Porta-PSTA Treatments, April 1999 - March 2000

Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow
Apr-99 0.038 0.038 0.044 0.041 0.038 0.030 0.039 0.038 0.039 0.033 0.038 0.037 0.040 0.062 0.037 0.047 0.041 0.031 0.036 0.027 0.040 0.059 0.037 0.037
May-99 0.018 0.016 0.019 0.022 0.018 0.018 0.019 0.022 0.019 0.022 0.019 0.029 0.019 0.016 0.019 0.022 0.019 0.016 0.019 0.015 0.020 0.031 0.019 0.023
Jun-99 0.021 0.015 0.027 0.021 0.021 0.018 0.020 0.019 0.021 0.014 0.020 0.015 0.021 0.027 0.020 0.020 0.021 0.012 0.020 0.020 0.021 0.018 0.020 0.018
Jul-99 0.013 0.017 0.013 0.013 0.013 0.014 0.013 0.015 0.013 0.017 0.013 0.013 0.013 0.013 0.013 0.015 0.013 0.014 0.013 0.014 0.013 0.015 0.013 0.017
Aug-99 0.020 0.022 0.019 0.016 0.019 0.020 0.019 0.017 0.019 0.020 0.019 0.016 0.019 0.016 0.019 0.022 0.019 0.017 0.020 0.014 0.019 0.020 0.019 0.022
Sep-99 0.017 0.017 0.018 0.015 0.017 0.018 0.018 0.018 0.017 0.015 0.018 0.016 0.018 0.016 0.017 0.018 0.017 0.015 0.018 0.014 0.017 0.014 0.017 0.019
Oct-99 0.020 0.016 0.020 0.014 0.020 0.016 0.021 0.014 0.020 0.015 0.021 0.016 0.020 0.013 0.020 0.016 0.020 0.016 0.020 0.013 0.020 0.015 0.020 0.016
Nov-99 0.015 0.012 0.016 0.011 0.015 0.013 0.015 0.011 0.016 0.014 0.015 0.013 0.015 0.012 0.016 0.017 0.015 0.021 0.016 0.012 0.016 0.012 0.015 0.013
Dec-99 0.019 0.015 0.020 0.014 0.020 0.013 0.019 0.013 0.020 0.014 0.019 0.014 0.019 0.013 0.020 0.015 0.020 0.019 0.019 0.013 0.019 0.014 0.020 0.016
Jan-00 0.023 0.014 0.023 0.013 0.025 0.013 0.025 0.014 0.025 0.015 0.025 0.014 0.025 0.016 0.023 0.015 0.025 0.017 0.025 0.016 0.025 0.015 0.025 0.015
Feb-00 -- -- -- -- 0.035 0.018 0.034 0.018 0.034 0.019 0.034 0.015 0.034 0.019 -- -- 0.035 0.021 0.034 0.017 0.034 0.019 0.035 0.020
Mar-00 -- -- -- -- 0.035 0.018 0.037 0.017 0.038 0.021 0.040 0.017 0.036 0.015 -- -- 0.039 0.028 0.041 0.019 0.038 0.021 0.036 0.020
Apr-99 0.018 0.023 0.024 0.028 0.018 0.015 0.019 0.024 0.019 0.017 0.018 0.025 0.020 0.044 0.017 0.031 0.021 0.014 0.017 0.013 0.020 0.042 0.017 0.022
May-99 0.005 0.004 0.005 0.013 0.005 0.008 0.005 0.011 0.005 0.011 0.005 0.018 0.006 0.005 0.006 0.010 0.006 0.004 0.007 0.005 0.006 0.021 0.006 0.012
Jun-99 0.010 0.006 0.016 0.011 0.009 0.009 0.009 0.011 0.010 0.005 0.009 0.007 0.010 0.019 0.009 0.012 0.010 0.003 0.009 0.011 0.009 0.008 0.009 0.008
Jul-99 0.004 0.009 0.005 0.006 0.004 0.007 0.005 0.007 0.005 0.010 0.005 0.007 0.004 0.006 0.005 0.009 0.004 0.007 0.005 0.007 0.004 0.003 0.004 0.008
Aug-99 0.006 0.013 0.006 0.006 0.006 0.010 0.006 0.008 0.006 0.011 0.006 0.007 0.006 0.006 0.006 0.013 0.006 0.006 0.007 0.006 0.006 0.011 0.006 0.012
Sep-99 0.003 0.008 0.003 0.005 0.003 0.007 0.004 0.009 0.003 0.006 0.004 0.007 0.004 0.006 0.002 0.009 0.003 0.006 0.004 0.006 0.002 0.005 0.006 0.009
Oct-99 0.008 0.007 0.008 0.005 0.007 0.008 0.008 0.006 0.008 0.007 0.009 0.008 0.008 0.006 0.007 0.006 0.007 0.008 0.008 0.006 0.007 0.007 0.007 0.008
Nov-99 0.004 0.006 0.004 0.004 0.004 0.005 0.004 0.004 0.004 0.007 0.004 0.006 0.004 0.004 0.005 0.009 0.004 0.013 0.005 0.004 0.004 0.004 0.004 0.004
Dec-99 0.004 0.006 0.004 0.005 0.004 0.004 0.004 0.004 0.004 0.005 0.004 0.006 0.003 0.004 0.005 0.006 0.005 0.009 0.003 0.004 0.004 0.006 0.004 0.006
Jan-00 0.003 0.005 0.003 0.005 0.005 0.004 0.004 0.005 0.005 0.005 0.005 0.005 0.004 0.006 0.003 0.005 0.005 0.006 0.004 0.006 0.004 0.006 0.005 0.006
Feb-00 -- -- -- -- 0.004 0.007 0.004 0.007 0.004 0.007 0.004 0.006 0.004 0.007 -- -- 0.004 0.005 0.004 0.004 0.004 0.008 0.004 0.007
Mar-00 -- -- -- -- 0.012 0.007 0.014 0.006 0.013 0.007 0.012 0.004 0.012 0.004 -- -- 0.010 0.009 0.013 0.005 0.013 0.010 0.011 0.007
Apr-99 0.020 0.015 0.020 0.014 0.020 0.015 0.020 0.013 0.020 0.016 0.020 0.012 0.020 0.018 0.020 0.016 0.020 0.016 0.020 0.015 0.020 0.017 0.020 0.015
May-99 0.015 0.012 0.014 0.010 0.014 0.010 0.014 0.010 0.013 0.011 0.014 0.011 0.013 0.010 0.013 0.012 0.013 0.012 0.013 0.011 0.014 0.010 0.013 0.011
Jun-99 0.011 0.009 0.011 0.010 0.012 0.009 0.011 0.009 0.011 0.009 0.011 0.008 0.010 0.008 0.011 0.008 0.010 0.009 0.011 0.009 0.012 0.010 0.011 0.010
Jul-99 0.009 0.007 0.008 0.007 0.009 0.008 0.009 0.007 0.008 0.007 0.009 0.007 0.009 0.007 0.008 0.007 0.008 0.007 0.008 0.007 0.009 0.019 0.009 0.009
Aug-99 0.014 0.010 0.013 0.010 0.013 0.010 0.013 0.009 0.013 0.009 0.013 0.009 0.013 0.010 0.013 0.009 0.013 0.011 0.013 0.009 0.013 0.009 0.013 0.010
Sep-99 0.014 0.009 0.015 0.009 0.014 0.011 0.014 0.009 0.015 0.009 0.014 0.009 0.014 0.010 0.015 0.009 0.014 0.009 0.014 0.008 0.015 0.009 0.011 0.010
Oct-99 0.013 0.009 0.013 0.009 0.013 0.009 0.012 0.008 0.012 0.009 0.012 0.008 0.012 0.008 0.013 0.010 0.013 0.008 0.012 0.008 0.013 0.007 0.013 0.008
Nov-99 0.011 0.007 0.011 0.007 0.011 0.007 0.011 0.007 0.011 0.008 0.011 0.007 0.011 0.007 0.011 0.008 0.011 0.008 0.011 0.007 0.011 0.008 0.011 0.009
Dec-99 0.016 0.009 0.016 0.009 0.015 0.009 0.015 0.009 0.016 0.010 0.015 0.008 0.016 0.009 0.016 0.009 0.016 0.010 0.016 0.009 0.016 0.009 0.016 0.009
Jan-00 0.020 0.009 0.020 0.008 0.020 0.009 0.021 0.008 0.020 0.010 0.021 0.008 0.021 0.010 0.020 0.010 0.020 0.011 0.021 0.010 0.020 0.009 0.020 0.009
Feb-00 -- -- -- -- 0.030 0.011 0.029 0.011 0.030 0.012 0.030 0.010 0.030 0.013 -- -- 0.030 0.017 0.030 0.013 0.030 0.011 0.031 0.013
Mar-00 -- -- -- -- 0.024 0.011 0.023 0.011 0.025 0.013 0.028 0.013 0.024 0.012 -- -- 0.029 0.020 0.028 0.014 0.025 0.011 0.024 0.016
Apr-99 0.005 0.004 0.005 0.006 0.005 0.003 0.005 0.003 0.005 0.003 0.005 0.003 0.005 0.005 0.005 0.003 0.006 0.004 0.005 0.005 0.006 0.003 0.005 0.003
May-99 0.003 0.002 0.003 0.003 0.003 0.002 0.003 0.003 0.003 0.002 0.003 0.003 0.003 0.003 0.003 0.002 0.003 0.003 0.003 0.004 0.003 0.003 0.003 0.002
Jun-99 0.003 0.002 0.003 0.004 0.003 0.002 0.003 0.002 0.003 0.002 0.003 0.003 0.003 0.002 0.003 0.002 0.003 0.003 0.003 0.002 0.003 0.002 0.003 0.002
Jul-99 0.003 0.002 0.003 0.002 0.003 0.002 0.003 0.003 0.003 0.002 0.003 0.002 0.003 0.002 0.003 0.002 0.003 0.003 0.003 0.002 0.003 0.003 0.003 0.003
Aug-99 0.006 0.002 0.005 0.002 0.005 0.002 0.005 0.001 0.005 0.001 0.005 0.003 0.005 0.001 0.005 0.002 0.005 0.003 0.005 0.001 0.005 0.002 0.005 0.002
Sep-99 0.007 0.003 0.008 0.002 0.006 0.004 0.008 0.001 0.009 0.002 0.008 0.002 0.009 0.001 0.008 0.003 0.007 0.003 0.008 0.001 0.009 0.001 0.009 0.002
Oct-99 0.005 0.001 0.004 0.001 0.005 0.002 0.004 0.001 0.005 0.001 0.005 0.001 0.005 0.001 0.007 0.002 0.005 0.002 0.003 0.002 0.005 0.001 0.005 0.002
Nov-99 0.005 0.002 0.005 0.002 0.005 0.002 0.005 0.001 0.006 0.002 0.005 0.001 0.004 0.001 0.005 0.002 0.005 0.001 0.005 0.001 0.006 0.002 0.005 0.001
Dec-99 0.006 0.002 0.006 0.002 0.006 0.002 0.006 0.001 0.006 0.002 0.005 0.001 0.006 0.001 0.006 0.002 0.006 0.002 0.006 0.002 0.006 0.002 0.006 0.003
Jan-00 -- -- -- -- 0.010 -- 0.010 -- 0.010 -- 0.010 -- 0.010 -- -- -- 0.010 -- 0.010 0.011 0.010 -- 0.010 --
Feb-00 -- -- -- -- 0.013 -- 0.013 -- 0.013 -- 0.013 -- 0.013 -- -- -- 0.013 -- 0.013 -- 0.013 -- 0.013 --
Mar-00 -- -- -- -- 0.009 -- 0.009 -- 0.009 -- 0.011 -- 0.009 -- -- -- 0.011 -- 0.011 -- 0.009 -- 0.009 --
Apr-99 0.015 0.011 0.015 0.009 0.015 0.012 0.015 0.011 0.015 0.013 0.015 0.010 0.015 0.013 0.015 0.013 0.014 0.013 0.014 0.010 0.014 0.014 0.014 0.012
May-99 0.012 0.009 0.011 0.007 0.010 0.008 0.011 0.008 0.010 0.009 0.011 0.007 0.009 0.008 0.010 0.009 0.010 0.009 0.009 0.007 0.011 0.008 0.009 0.009
Jun-99 0.008 0.007 0.007 0.006 0.009 0.007 0.008 0.006 0.008 0.006 0.008 0.006 0.007 0.006 0.008 0.006 0.007 0.006 0.008 0.007 0.009 0.008 0.009 0.007
Jul-99 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0.004 0.005 0.004 0.005 0.004 0.005 0.005 0.005 0.005 0.006 0.016 0.005 0.006
Aug-99 0.009 0.008 0.008 0.009 0.008 0.008 0.008 0.008 0.008 0.008 0.008 0.007 0.008 0.009 0.008 0.007 0.008 0.009 0.008 0.008 0.007 0.007 0.008 0.008
Sep-99 0.005 0.005 0.006 0.007 0.007 0.007 0.005 0.008 0.005 0.006 0.005 0.007 0.005 0.010 0.006 0.006 0.006 0.005 0.005 0.007 0.004 0.007 0.006 0.008
Oct-99 0.010 0.008 0.011 0.007 0.011 0.008 0.010 0.007 0.009 0.008 0.009 0.007 0.009 0.006 0.009 0.009 0.010 0.008 0.010 0.006 0.012 0.009 0.011 0.009
Nov-99 0.010 0.007 0.010 0.008 0.009 0.008 0.010 0.008 0.009 0.008 0.010 0.009 0.010 0.008 0.009 0.007 0.010 0.008 0.009 0.008 0.009 0.007 0.010 0.010
Dec-99 0.010 0.007 0.011 0.007 0.010 0.007 0.010 0.006 0.011 0.008 0.010 0.006 0.012 0.009 0.010 0.008 0.011 0.007 0.012 0.007 0.010 0.007 0.012 0.007
Jan-00 -- -- -- -- 0.011 -- 0.013 -- 0.012 -- 0.013 -- 0.013 -- -- -- 0.012 -- 0.013 0.000 0.012 -- 0.012 --
Feb-00 -- -- -- -- 0.017 -- 0.016 -- 0.017 -- 0.017 -- 0.017 -- -- -- 0.017 -- 0.017 -- 0.017 -- 0.018 --
Mar-00 -- -- -- -- 0.015 -- 0.014 -- 0.016 -- 0.016 -- 0.015 -- -- -- 0.017 -- 0.017 -- 0.017 -- 0.016 --

3 4
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Exhibit C-14
Monthly Average Values of Water Quality Data Collected at the Porta-PSTA Head Tank and Twelve Porta-PSTA Treatments, April 1999 - March 2000

Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow

3 42a

(Shellrock) (Shellrock-Variable Stage) (Sand) (Shellrock)
8a 9 10 111a

(Shellrock)(Sand) (Peat)
5 6 7

(Peat)
Parameter Month

12
(Peat) (Shellrock) (Peat)

Treatment

(Shellrock)

Apr-99 1.48 1.04 1.44 0.92 1.48 1.30 1.48 1.10 1.48 0.95 1.48 1.43 1.48 1.73 1.48 1.34 1.48 -- 1.48 1.49 1.48 1.60 1.48 1.59
May-99 0.83 1.07 0.95 1.09 0.82 1.00 0.88 1.41 0.61 0.86 0.92 1.19 0.92 0.97 0.91 0.92 0.90 0.84 0.82 1.00 0.83 0.90 0.94 1.02
Jun-99 0.89 0.45 0.89 0.72 0.89 0.52 0.89 0.65 0.89 0.47 0.89 0.57 0.89 0.57 0.89 0.53 0.89 0.80 0.89 0.82 0.89 0.81 0.89 0.75
Jul-99 1.09 0.50 1.09 0.65 1.09 0.46 1.09 0.49 1.09 0.60 1.09 0.45 1.09 0.44 1.09 0.63 1.09 0.80 1.09 0.46 1.09 1.00 1.09 0.49
Aug-99 1.46 1.74 1.46 1.84 1.46 1.15 1.46 1.62 1.46 1.64 1.46 1.58 1.46 1.63 1.46 1.82 1.46 1.67 1.46 1.41 1.46 1.39 1.46 1.27
Sep-99 1.99 1.73 1.60 1.71 2.03 1.77 1.76 1.27 1.84 2.02 1.69 1.25 1.61 1.23 2.42 1.57 1.97 2.00 1.68 1.14 1.94 1.88 1.76 1.54
Oct-99 0.82 0.90 0.82 0.76 0.82 0.63 0.82 0.66 0.82 0.83 0.82 0.75 0.82 0.53 0.82 0.72 0.82 0.89 0.82 0.67 0.82 0.90 0.82 0.95
Nov-99 1.60 1.73 1.60 1.30 1.60 1.57 1.60 1.28 1.60 1.20 1.60 1.40 1.60 1.60 1.60 1.40 1.60 1.70 1.60 1.60 1.60 1.40 1.60 0.81
Dec-99 1.09 1.33 1.81 2.09 0.95 0.98 1.95 2.20 1.84 1.94 2.02 2.48 1.98 2.27 1.90 1.38 1.62 1.70 1.89 2.04 1.46 1.85 1.51 1.51
Jan-00 -- -- -- -- 1.78 1.63 1.78 1.71 1.78 1.66 1.78 1.66 1.78 1.68 -- -- 1.78 1.73 1.78 1.70 1.78 1.73 1.78 1.63
Feb-00 -- -- -- -- 1.32 1.33 1.32 1.32 1.32 1.69 1.32 1.39 1.32 1.52 -- -- 1.32 1.38 1.32 1.37 1.32 1.73 1.32 1.30
Mar-00 -- -- -- -- 1.88 1.84 1.90 1.85 1.98 2.11 1.86 1.82 1.80 1.71 -- -- 1.81 2.05 1.72 1.66 2.14 1.89 1.93 1.92
Apr-99 1.41 1.04 1.41 0.92 1.41 1.20 1.41 1.06 1.41 0.95 1.41 1.33 1.41 1.55 1.41 1.34 1.41 1.60 1.41 1.49 1.41 1.33 1.41 1.59
May-99 0.73 1.07 0.85 1.09 0.72 0.97 0.78 1.41 0.51 0.86 0.81 1.19 0.83 0.97 0.84 0.92 0.83 0.78 0.75 1.00 0.76 0.90 0.87 1.02
Jun-99 0.83 0.45 0.83 0.55 0.83 0.52 0.83 0.55 0.83 0.47 0.83 0.55 0.83 0.57 0.83 0.53 0.83 0.80 0.83 0.82 0.83 0.81 0.83 0.75
Jul-99 0.94 0.50 0.94 0.65 0.94 0.46 0.94 0.49 0.94 0.60 0.94 0.45 0.94 0.44 0.94 0.63 0.94 0.80 0.94 0.46 0.94 1.00 0.94 0.49
Aug-99 1.36 1.74 1.36 1.84 1.36 1.15 1.36 1.62 1.36 1.61 1.36 1.58 1.36 1.63 1.36 1.82 1.36 1.67 1.36 1.41 1.36 1.39 1.36 1.27
Sep-99 1.97 1.73 1.60 1.71 1.97 1.77 1.74 1.27 1.84 2.02 1.67 1.25 1.61 1.23 2.42 1.57 1.90 2.00 1.68 1.14 1.94 1.88 1.76 1.54
Oct-99 0.82 0.84 0.82 0.76 0.82 0.63 0.82 0.66 0.82 0.83 0.82 0.75 0.82 0.53 0.82 0.72 0.82 0.89 0.82 0.67 0.82 0.90 0.82 0.95
Nov-99 1.50 1.73 1.50 1.27 1.50 1.57 1.50 1.28 1.50 1.20 1.50 1.40 1.50 1.60 1.50 1.40 1.50 1.70 1.50 1.60 1.50 1.40 1.50 0.83
Dec-99 1.04 1.33 1.75 2.09 0.90 0.98 1.93 2.20 1.78 1.94 2.00 2.48 1.96 2.27 1.83 1.37 1.50 1.67 1.87 2.04 1.38 1.85 1.48 1.51
Jan-00 -- -- -- -- 1.74 1.63 1.74 1.71 1.74 1.66 1.74 1.66 1.74 1.68 -- -- 1.74 1.72 1.74 1.70 1.74 1.73 1.74 1.63
Feb-00 -- -- -- -- 1.27 1.33 1.27 1.32 1.27 1.69 1.27 1.39 1.27 1.52 -- -- 1.27 1.38 1.27 1.37 1.27 1.73 1.27 1.30
Mar-00 -- -- -- -- 1.86 1.84 1.85 1.84 1.95 2.11 1.80 1.82 1.76 1.71 -- -- 1.79 2.03 1.68 1.66 2.10 1.89 1.91 1.92
Apr-99 0.068 0.025 0.047 0.025 0.068 0.044 0.068 0.053 0.068 0.025 0.068 0.109 0.068 0.182 0.068 0.025 0.068 -- 0.068 0.025 0.068 0.284 0.068 0.025
May-99 0.095 0.025 0.100 0.025 0.098 0.025 0.101 0.025 0.106 0.025 0.107 0.025 0.087 0.025 0.069 0.025 0.069 0.061 0.075 0.025 0.069 0.025 0.075 0.025
Jun-99 0.054 0.025 0.054 0.148 0.054 0.025 0.054 0.117 0.054 0.025 0.054 0.025 0.054 0.025 0.054 0.025 0.054 0.025 0.054 0.025 0.054 0.025 0.054 0.025
Jul-99 0.075 0.025 0.075 0.025 0.075 0.025 0.075 0.025 0.075 0.025 0.075 0.025 0.075 0.025 0.075 0.025 0.075 0.025 0.075 0.025 0.075 0.025 0.075 0.025
Aug-99 0.104 0.025 0.104 0.025 0.104 0.025 0.104 0.025 0.104 0.049 0.104 0.025 0.104 0.025 0.104 0.025 0.104 0.025 0.104 0.025 0.104 0.025 0.104 0.025
Sep-99 0.036 0.025 0.025 0.025 0.063 0.025 0.036 0.025 0.025 0.025 0.034 0.025 0.025 0.025 0.025 0.025 0.068 0.025 0.025 0.025 0.025 0.025 0.025 0.025
Oct-99 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025
Nov-99 0.071 0.025 0.071 0.046 0.071 0.025 0.071 0.025 0.071 0.025 0.071 0.025 0.071 0.025 0.071 0.025 0.071 0.025 0.071 0.025 0.071 0.025 0.071 0.025
Dec-99 0.047 0.002 0.058 0.002 0.051 0.002 0.017 0.002 0.064 0.009 0.022 0.002 0.020 0.002 0.071 0.010 0.115 0.028 0.016 0.002 0.075 0.002 0.033 0.002
Jan-00 -- -- -- -- 0.038 0.002 0.038 0.002 0.038 0.002 0.038 0.002 0.038 0.002 -- -- 0.038 0.008 0.038 0.002 0.038 0.002 0.038 0.002
Feb-00 -- -- -- -- 0.051 0.002 0.051 0.006 0.051 0.002 0.051 0.002 0.051 0.002 -- -- 0.051 0.002 0.051 0.002 0.051 0.002 0.051 0.002
Mar-00 -- -- -- -- 0.019 0.002 0.056 0.007 0.032 0.002 0.065 0.002 0.039 0.002 -- -- 0.022 0.021 0.038 0.002 0.040 0.002 0.016 0.002
Apr-99 0.020 0.046 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.053 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020
May-99 0.020 0.020 0.084 0.020 0.020 0.020 0.020 0.029 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020
Jun-99 0.020 0.020 0.020 0.046 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.042 0.020 0.088 0.020 0.020 0.020 0.020
Jul-99 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020
Aug-99 0.020 0.033 0.020 0.020 0.020 0.033 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.067 0.020 0.053 0.020 0.020 0.020 0.020
Sep-99 0.020 0.020 0.020 0.020 0.020 0.020 0.055 0.020 0.020 0.020 0.055 0.020 0.055 0.020 0.020 0.020 0.020 0.087 0.055 0.020 0.020 0.020 0.020 0.020
Oct-99 0.069 0.020 0.069 0.020 0.069 0.020 0.069 0.020 0.069 0.020 0.069 0.031 0.069 0.020 0.069 0.020 0.069 0.096 0.069 0.100 0.069 0.020 0.069 0.020
Nov-99 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.020 0.140 0.020 0.150 0.020 0.020 0.020 0.020
Dec-99 0.050 0.039 0.073 0.059 0.060 0.049 0.045 0.035 0.060 0.071 0.047 0.059 0.039 0.068 0.083 0.047 0.042 0.204 0.037 0.127 0.065 0.037 0.052 0.039
Jan-00 -- -- -- -- 0.002 -- 0.002 -- 0.002 -- 0.002 -- 0.002 -- -- -- 0.002 -- 0.002 0.095 0.002 -- 0.002 0.001
Feb-00 -- -- -- -- 0.030 -- 0.030 -- 0.030 -- 0.030 -- 0.030 -- -- -- 0.030 -- 0.030 -- 0.030 -- 0.030 --
Mar-00 -- -- -- -- 0.102 -- 0.102 -- 0.102 -- 0.102 -- 0.102 -- -- -- 0.102 -- 0.102 -- 0.102 -- 0.102 --
Apr-99 1.39 1.00 1.39 0.90 1.39 1.18 1.39 1.04 1.39 0.93 1.39 1.28 1.39 1.53 1.39 1.32 1.39 1.58 1.39 1.47 1.39 1.31 1.39 1.57
May-99 0.71 1.05 0.76 1.07 0.70 0.95 0.76 1.38 0.49 0.84 0.79 1.17 0.81 0.95 0.82 0.90 0.81 0.76 0.73 0.98 0.74 0.88 0.85 1.00
Jun-99 0.81 0.43 0.81 0.50 0.81 0.50 0.81 0.53 0.81 0.45 0.81 0.53 0.81 0.55 0.81 0.51 0.81 0.76 0.81 0.73 0.81 0.79 0.81 0.73
Jul-99 0.92 0.48 0.92 0.63 0.92 0.44 0.92 0.47 0.92 0.58 0.92 0.43 0.92 0.42 0.92 0.61 0.92 0.78 0.92 0.44 0.92 0.98 0.92 0.47
Aug-99 1.34 1.71 1.34 1.82 1.34 1.12 1.34 1.60 1.34 1.59 1.34 1.56 1.34 1.61 1.34 1.80 1.34 1.60 1.34 1.36 1.34 1.37 1.34 1.25
Sep-99 1.95 1.71 1.58 1.69 1.95 1.75 1.68 1.25 1.82 2.00 1.62 1.23 1.55 1.21 2.40 1.55 1.88 1.91 1.62 1.12 1.92 1.86 1.74 1.52
Oct-99 0.75 0.82 0.75 0.74 0.75 0.61 0.75 0.64 0.75 0.81 0.75 0.72 0.75 0.51 0.75 0.70 0.75 0.79 0.75 0.57 0.75 0.88 0.75 0.93
Nov-99 1.48 1.71 1.48 1.25 1.48 1.55 1.48 1.26 1.48 1.18 1.48 1.38 1.48 1.58 1.48 1.38 1.48 1.56 1.48 1.45 1.48 1.38 1.48 0.81
Dec-99 0.99 1.29 1.68 2.03 0.84 0.93 1.89 2.17 1.72 1.87 1.95 2.42 1.92 2.20 1.75 1.32 1.46 1.47 1.83 1.91 1.32 1.81 1.43 1.47
Jan-00 -- -- -- -- 1.73 -- 1.73 -- 1.73 -- 1.73 -- 1.73 -- -- -- 1.73 -- 1.73 1.60 1.73 -- 1.73 1.63
Feb-00 -- -- -- -- 1.24 -- 1.24 -- 1.24 -- 1.24 -- 1.24 -- -- -- 1.24 -- 1.24 -- 1.24 -- 1.24 --
Mar-00 -- -- -- -- 1.76 -- 1.75 -- 1.84 -- 1.69 -- 1.66 -- -- -- 1.69 -- 1.58 -- 2.00 -- 1.81 --

Total Nitrogen, 
as N

(mg/L)

Total Kjeldahl 
Nitrogen, as N 

(mg/L)

Ammonia, as 
NH3 (mg/L)

Organic Nitrogen 
(mg/L)

Nitrate/Nitrite, as 
N (mg/L)
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Exhibit C-14
Monthly Average Values of Water Quality Data Collected at the Porta-PSTA Head Tank and Twelve Porta-PSTA Treatments, April 1999 - March 2000

Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow Inflowb Outflow

3 42a

(Shellrock) (Shellrock-Variable Stage) (Sand) (Shellrock)
8a 9 10 111a

(Shellrock)(Sand) (Peat)
5 6 7

(Peat)
Parameter Month

12
(Peat) (Shellrock) (Peat)

Treatment

(Shellrock)

Apr-99 23.0 33.5 29.6 34.1 23.0 32.6 23.0 35.0 23.0 29.9 23.0 37.5 23.0 29.6 23.0 28.6 23.0 30.0 23.0 32.7 23.0 29.2 23.0 29.7
May-99 22.1 27.0 22.4 30.2 21.6 26.0 22.2 29.5 21.9 24.3 21.8 33.7 21.4 23.9 21.2 24.7 21.2 23.7 21.5 26.9 21.1 23.4 21.2 23.6
Jun-99 18.4 20.0 18.4 19.9 18.4 20.6 18.4 19.8 18.4 19.7 18.4 19.3 18.4 21.8 18.4 21.9 18.4 18.7 18.4 19.4 18.4 18.8 18.4 18.7
Jul-99 32.0 28.3 32.0 26.4 32.0 30.6 32.0 32.7 32.0 29.2 32.0 29.9 32.0 35.5 32.0 26.5 32.0 27.4 32.0 29.9 32.0 32.1 32.0 31.3
Aug-99 33.0 29.3 33.0 32.5 33.0 28.4 33.0 32.5 33.0 34.4 33.0 32.2 33.0 33.8 33.0 32.4 33.0 28.7 33.0 31.6 33.0 34.0 33.0 29.6
Sep-99 39.4 38.0 39.8 38.4 40.8 38.7 38.3 35.1 40.6 39.9 38.7 36.9 40.3 38.3 41.5 36.6 41.2 38.5 40.8 39.0 41.3 36.7 42.7 36.6
Oct-99 36.0 32.3 36.0 32.7 36.0 31.3 36.0 27.3 36.0 33.7 36.0 29.8 36.0 26.0 36.0 32.0 36.0 33.0 36.0 30.0 36.0 30.0 36.0 32.0
Nov-99 35.0 35.0 35.0 35.3 35.0 35.0 35.0 35.5 35.0 35.0 35.0 38.0 35.0 34.0 35.0 34.0 35.0 35.0 35.0 35.0 35.0 36.0 35.0 36.0
Dec-99 24.9 30.2 27.5 32.8 25.2 27.6 29.4 32.1 27.3 30.1 30.3 40.4 34.5 32.2 28.2 31.9 26.0 31.2 27.4 30.1 25.6 29.8 25.6 30.0
Jan-00 -- -- -- -- 41.0 38.3 41.0 33.7 41.0 29.0 41.0 24.3 41.0 29.0 -- -- 41.0 44.0 41.0 29.5 41.0 29.0 41.0 46.0
Feb-00 -- -- -- -- 25.0 31.5 25.0 27.9 25.0 26.8 25.0 27.4 25.0 24.3 -- -- 25.0 32.3 25.0 26.9 25.0 26.7 25.0 30.3
Mar-00 -- -- -- -- 32.3 31.1 27.4 27.5 26.8 31.9 26.5 28.5 25.8 29.0 -- -- 32.7 30.7 26.0 27.8 28.9 30.1 30.6 33.8
Apr-99 2.0 10.0 5.0 8.0 2.0 5.3 2.0 7.0 2.0 5.0 2.0 4.7 2.0 8.0 2.0 2.0 2.0 18.0 2.0 8.0 2.0 21.0 2.0 24.0
May-99 4.0 5.3 2.0 13.0 2.0 5.3 2.0 5.0 6.0 5.0 2.0 3.3 9.0 2.0 4.0 12.0 2.0 10.0 14.0 32.0 4.0 10.0 6.0 14.0
Jun-99 2.0 4.0 2.0 10.7 2.0 6.7 2.0 15.0 2.0 14.0 2.0 12.7 2.0 2.0 2.0 2.0 2.0 2.0 2.0 8.0 2.0 6.0 2.0 5.0
Jul-99 4.0 6.7 4.0 4.7 4.0 6.7 4.0 8.7 4.0 2.7 4.0 6.7 4.0 4.0 4.0 8.0 4.0 6.0 4.0 2.0 4.0 6.0 4.0 3.0
Aug-99 1.0 2.5 1.0 1.9 1.0 1.3 1.0 2.9 1.0 2.5 1.0 3.1 1.0 1.0 1.0 3.2 1.0 2.4 1.0 2.0 1.0 3.6 1.0 2.7
Sep-99 1.4 3.7 2.9 2.4 1.9 1.9 2.8 2.5 0.8 1.4 2.8 2.9 2.9 3.5 2.0 3.3 2.0 3.3 3.3 1.3 2.0 2.5 1.3 1.6
Oct-99 1.4 1.2 1.4 0.7 1.4 0.5 1.4 1.4 1.4 0.7 1.4 1.6 1.4 0.8 1.4 1.2 1.4 1.0 1.4 1.0 1.4 1.2 1.4 1.3
Nov-99 1.2 1.3 1.2 2.4 1.2 0.5 1.2 0.7 1.2 3.1 1.2 1.9 1.2 1.0 1.2 2.4 1.2 1.6 1.2 1.2 1.2 2.0 1.2 1.3
Dec-99 1.2 0.9 0.5 0.5 0.5 1.4 0.8 2.2 0.5 0.5 0.9 1.1 0.5 0.5 0.5 0.5 0.5 2.4 1.6 0.5 0.5 0.5 0.5 0.5
Jan-00 -- -- -- -- 1.1 0.5 1.1 0.9 1.1 0.7 1.1 0.7 1.1 0.5 -- -- 1.1 0.5 1.1 0.5 1.1 0.9 1.1 0.5
Feb-00 -- -- -- -- 2.8 0.9 2.8 1.3 2.8 1.2 2.8 2.3 2.8 1.6 -- -- 2.8 1.6 2.8 3.2 2.8 1.6 2.8 1.8
Mar-00 -- -- -- -- 0.7 2.4 0.8 1.2 1.1 1.2 1.1 1.8 0.5 4.0 -- -- 0.5 1.0 0.9 1.4 1.0 1.6 2.0 1.6
Apr-99 38.1 46.1 34.8 36.5 38.1 44.8 38.1 33.9 38.1 41.9 38.1 32.9 38.1 44.0 38.1 43.0 38.1 52.6 38.1 40.4 38.1 44.3 38.1 49.4
May-99 39.5 36.9 40.4 28.4 38.7 35.5 40.4 27.4 38.3 34.4 39.9 27.7 36.8 30.0 36.7 29.1 36.8 44.3 36.7 36.3 37.6 29.8 37.3 37.3
Jun-99 47.2 39.3 47.2 30.0 47.2 45.2 47.2 32.2 47.2 37.1 47.2 39.1 47.2 27.5 47.2 34.4 47.2 38.5 47.2 36.5 47.2 30.5 47.2 47.0
Jul-99 54.0 46.7 54.0 36.0 54.0 55.3 54.0 37.8 54.0 41.3 54.0 42.6 54.0 31.8 54.0 31.0 54.0 52.0 54.0 46.7 54.0 40.0 54.0 63.0
Aug-99 51.6 47.0 51.6 33.7 51.6 53.5 51.6 35.3 51.6 44.0 51.6 39.8 51.6 36.7 51.6 30.0 51.6 49.2 51.6 46.5 51.6 40.8 51.6 53.0
Sep-99 87.7 73.0 79.2 56.7 90.3 78.7 81.2 47.8 87.4 57.8 80.4 58.9 76.7 35.1 88.3 55.0 90.0 60.0 76.9 49.1 97.4 51.2 79.5 68.7
Oct-99 60.0 53.3 60.0 41.7 60.0 54.3 60.0 36.0 60.0 53.0 60.0 41.8 60.0 32.5 60.0 46.0 60.0 53.0 60.0 38.0 60.0 43.0 60.0 54.0
Nov-99 72.0 70.3 72.0 54.3 72.0 74.3 72.0 58.7 72.0 60.7 72.0 56.0 72.0 58.0 72.0 59.0 72.0 73.0 72.0 61.0 72.0 59.0 72.0 75.0
Dec-99 59.9 63.6 68.3 60.0 59.7 65.4 64.7 58.8 68.4 66.7 64.0 53.7 65.0 58.0 68.0 66.6 57.8 60.8 63.0 65.0 66.3 64.0 61.0 60.3
Jan-00 -- -- -- -- 57.0 59.0 57.0 50.0 57.0 58.0 57.0 52.3 57.0 48.0 -- -- 57.0 56.0 57.0 55.5 57.0 48.0 57.0 58.0
Feb-00 -- -- -- -- 57.0 59.7 57.0 50.0 57.0 55.0 57.0 50.3 57.0 51.0 -- -- 57.0 57.0 57.0 55.0 57.0 51.0 57.0 56.5
Mar-00 -- -- -- -- 54.3 62.3 60.0 52.0 50.0 53.8 58.7 47.3 62.0 47.0 -- -- 55.0 53.0 61.0 57.0 48.0 51.0 54.0 57.0
Apr-99 170 199 171 173 170 199 170 156 170 183 170 147 170 209 170 198 170 230 170 206 170 189 170 194
May-99 164 165 167 129 165 141 164 112 168 141 167 113 160 145 163 147 165 189 162 167 161 134 163 167
Jun-99 169 154 169 120 169 155 169 121 169 134 169 132 169 119 169 126 169 153 169 132 169 120 169 169
Jul-99 220 189 220 154 220 215 220 150 220 180 220 144 220 147 220 148 220 194 220 180 220 163 220 219
Aug-99 199 184 199 151 199 198 199 159 199 183 199 177 199 167 199 143 199 189 199 188 199 175 199 200
Sep-99 286 244 279 223 286 250 272 191 279 207 278 220 279 168 280 185 286 226 280 202 274 191 288 250
Oct-99 224 197 224 160 224 202 224 142 224 194 224 157 224 132 224 182 224 170 224 169 224 160 224 206
Nov-99 230 220 230 192 230 231 230 205 230 209 230 191 230 197 230 211 230 230 230 209 230 206 230 234
Dec-99 221 236 217 207 218 234 221 213 227 222 221 200 200 211 216 221 223 235 221 228 217 213 223 232
Jan-00 -- -- -- -- 230 213 230 187 230 203 230 197 230 190 -- -- 230 220 230 210 230 190 230 215
Feb-00 -- -- -- -- 190 200 190 173 190 187 190 170 190 170 -- -- 190 200 190 180 190 180 190 200
Mar-00 -- -- -- -- 190 213 210 190 177 197 210 177 210 170 -- -- 200 210 210 200 180 180 200 200

Notes:
a Treatments 1, 2 and 8 were operated as batch systems from January - March 2000; these data are presented in Appendix D.

Alkalinity (mg/L)

TOC
(mg/L)

TSS
(mg/L)

Calcium (mg/L)

bInflow averages include data from constant head tank outlet and samples collected from individual tank inlets.
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DFB/APP C.DOC C-22

C.6 Mass Balances
As a preliminary assessment of Porta-PSTA performance, inflow and outflow mass balances
were estimated for each experimental mesocosm using the inflow and outflow concentra-
tion and HLR data presented in Appendix C.2. Mean treatment inflow and outflow loads
were used to calculate mean treatment removal rates for TP and TN. First-order TP rate
constants were calculated from the monthly data assuming C* equals 0.0 mg/L.
Contributions of rainfall to phosphorus and nitrogen loads to the Porta-PSTAs were not
included in these mass loading estimates. Preliminary estimates indicate that rainfall load
may make up between 1 to 10 percent of the total load. Final mass balance analyses for this
project do not include estimates of rainfall loads of TP and TN.

C.6.1 Phosphorus
Exhibit C-15 provides monthly, quarterly, and period-of-record (1-year) TP mass balances
by Porta-PSTA treatment.

Period-of-record average TP mass loadings to the Porta-PSTAs have ranged from 0.44 to
1.19 g/m2/y. Monthly average loadings ranged from 0.12 to 2.22 g/m2/y. Long-term
average TP removal efficiencies have ranged between 0 to 30 percent. Monthly average TP
removal efficiencies have ranged between -55 to 57 percent. The highest average TP mass
removal efficiency was measured in Treatment 10 (shellrock Aquashade control). Other
treatments that have averaged more than 20 percent TP reduction efficiency include
Treatment 3 (shallow peat), Treatment 4 (shallow shellrock), Treatment 5 (deep shellrock),
Treatment 6 (variable water regime shellrock), and Treatment 7 (deep sand).

Period-of-record average TP k values in the Porta-PSTAs have ranged from -0.6 to 12.3 m/y.
Monthly average k values ranged from -10.3 to 38 m/y. The highest average TP k value was
measured in Treatment 5 (deep high HRL shellrock). Other treatments that have long-term
average k values more than 6 m/y include Treatment 3 (shallow peat), Treatment 4 (shallow
shellrock) and Treatment 10 (shellrock Aquashade control).

Detailed figures illustrating components of the TP mass balance are provided in Appendix I.

C.6.2 Nitrogen
Exhibit C-16 presents a TN mass balance summary in the Porta-PSTAs by month, quarter,
and period-of-record for the 1-year operational period. For the period-of-record, mean TN
mass loads have averaged between 30.2 and 76.0 g/m2/y. Monthly average TN mass load-
ings were between 6.7 and 129 g/m2/y. Average period-of-record TN mass removal effici-
encies were between –2.5 and 20 percent. Monthly average TN mass removal efficiencies
were between -57 and 60 percent. Estimated period-of-record TN k values ranged from 0.4
to 6.1 m/y. Monthly average TN k values were between -13.1 and 30.1 m/y.

Porta-PSTA treatments with TN mass removal efficiencies greater than 18 percent include
Treatment 6 (variable water regime shellrock) and Treatment 8 (shallow sand). Treatments
with period-of-record average TN k values greater than 3 m/y include Treatment 3 (shallow
peat) and Treatments 5, 8, and 12 (shallow peat).



Exhibit C-15
Period-of-Record, Quarterly, and Monthly Summaries of Total Phosphorus Mass Balance Data from the Porta-PSTA Treatments, April 1999 - March 2000

TP (mg/L) q_in MB_TP (g/m2/y) Removal Calc_k
Treatment Date Inflow Outflow (cm/d) Inflow Outflow (g/m2/y) (%) (m/y)

Period of Record
1 1999-2000 0.020 0.018 7.24 0.501 0.441 0.060 12.03 2.71
2 1999-2000 0.021 0.017 7.13 0.523 0.421 0.102 19.47 5.24
3 1999-2000 0.023 0.017 7.19 0.602 0.432 0.169 28.17 7.70
4 1999-2000 0.023 0.017 7.39 0.619 0.438 0.180 29.15 7.61
5 1999-2000 0.023 0.018 14.02 1.194 0.897 0.297 24.84 12.27
6 1999-2000 0.022 0.018 5.58 0.437 0.337 0.100 22.88 5.02
7 1999-2000 0.023 0.018 7.24 0.602 0.461 0.140 23.29 5.55
8 1999-2000 0.020 0.020 7.38 0.520 0.523 -0.002 -0.45 -0.57
9 1999-2000 0.023 0.019 7.65 0.654 0.533 0.121 18.53 5.48

10 1999-2000 0.022 0.016 7.44 0.615 0.428 0.187 30.37 9.54
11 1999-2000 0.023 0.020 7.34 0.627 0.503 0.124 19.85 3.89
12 1999-2000 0.023 0.019 7.48 0.626 0.504 0.122 19.47 4.47

Quarterly
1 Qtr-3 0.038 0.038 5.00 0.714 0.681 0.034 4.73 0.20

Qtr-4 0.017 0.016 5.01 0.300 0.293 0.007 2.28 0.87
Qtr-5 0.019 0.019 7.79 0.552 0.512 0.039 7.10 0.68
Qtr-6 0.018 0.014 9.46 0.604 0.457 0.148 24.43 10.36

2 Qtr-3 0.044 0.041 5.54 0.898 0.835 0.063 7.00 1.45
Qtr-4 0.019 0.018 5.11 0.351 0.337 0.014 3.96 0.92
Qtr-5 0.019 0.015 7.36 0.515 0.394 0.121 23.47 7.14
Qtr-6 0.019 0.013 9.25 0.596 0.419 0.178 29.80 13.09

3 Qtr-3 0.038 0.030 4.65 0.669 0.515 0.154 23.00 4.08
Qtr-4 0.017 0.016 4.87 0.306 0.296 0.010 3.40 0.91
Qtr-5 0.019 0.018 7.39 0.513 0.477 0.035 6.86 1.34
Qtr-6 0.020 0.013 9.09 0.661 0.432 0.229 34.61 14.10
Qtr-7 0.035 0.018 7.90 1.025 0.520 0.505 49.27 19.03

4 Qtr-3 0.039 0.038 5.10 0.739 0.681 0.058 7.83 0.67
Qtr-4 0.017 0.018 5.19 0.320 0.343 -0.023 -7.16 -1.40
Qtr-5 0.019 0.016 7.42 0.526 0.426 0.099 18.91 4.42
Qtr-6 0.020 0.012 9.32 0.683 0.423 0.260 38.07 16.14
Qtr-7 0.035 0.018 7.96 1.026 0.517 0.509 49.63 20.19

5 Qtr-3 0.039 0.033 10.40 1.467 1.240 0.228 15.51 6.40
Qtr-4 0.017 0.018 9.15 0.571 0.598 -0.027 -4.74 -1.86
Qtr-5 0.019 0.017 13.54 0.969 0.824 0.145 14.96 5.02
Qtr-6 0.020 0.015 18.63 1.368 0.992 0.376 27.51 21.82
Qtr-7 0.036 0.020 14.67 1.950 1.062 0.889 45.57 31.27

6 Qtr-3 0.038 0.037 3.81 0.547 0.525 0.023 4.12 0.37
Qtr-4 0.017 0.020 5.63 0.329 0.331 -0.002 -0.53 -3.09
Qtr-5 0.019 0.016 8.64 0.603 0.510 0.093 15.45 5.98
Qtr-6 0.020 0.014 3.72 0.284 0.183 0.101 35.70 5.27
Qtr-7 0.036 0.016 4.62 0.602 0.266 0.336 55.83 13.75

7 Qtr-3 0.040 0.062 5.42 0.791 1.151 -0.360 -45.54 -8.66
Qtr-4 0.017 0.017 5.15 0.315 0.316 -0.001 -0.25 0.26
Qtr-5 0.019 0.015 7.29 0.508 0.392 0.116 22.87 6.30
Qtr-6 0.020 0.014 9.13 0.665 0.456 0.209 31.40 12.37
Qtr-7 0.035 0.017 7.42 0.953 0.480 0.473 49.65 18.89

8 Qtr-3 0.037 0.047 5.60 0.759 0.968 -0.209 -27.48 -4.74
Qtr-4 0.017 0.019 5.90 0.355 0.396 -0.040 -11.35 -1.81
Qtr-5 0.019 0.019 7.84 0.548 0.525 0.023 4.14 -0.14
Qtr-6 0.019 0.016 9.04 0.600 0.513 0.086 14.42 5.69

9 Qtr-3 0.041 0.031 6.18 0.906 0.679 0.228 25.13 6.36
Qtr-4 0.017 0.014 5.28 0.326 0.275 0.051 15.61 3.59
Qtr-5 0.019 0.016 6.93 0.479 0.399 0.080 16.66 3.71
Qtr-6 0.020 0.019 9.40 0.693 0.643 0.050 7.23 2.18
Qtr-7 0.036 0.023 9.83 1.330 0.856 0.474 35.66 15.97

10 Qtr-3 0.036 0.027 7.74 0.903 0.729 0.174 19.28 8.04
Qtr-4 0.017 0.016 4.85 0.304 0.292 0.013 4.14 1.14
Qtr-5 0.019 0.014 7.54 0.535 0.391 0.143 26.80 8.97
Qtr-6 0.020 0.014 9.02 0.666 0.451 0.215 32.30 12.75
Qtr-7 0.036 0.018 8.17 1.084 0.521 0.563 51.91 21.78

11 Qtr-3 0.040 0.059 5.22 0.771 1.116 -0.344 -44.63 -7.20
Qtr-4 0.018 0.021 5.43 0.354 0.406 -0.052 -14.58 -2.91
Qtr-5 0.019 0.017 6.54 0.456 0.391 0.065 14.30 2.83
Qtr-6 0.020 0.014 9.60 0.698 0.477 0.221 31.60 13.29
Qtr-7 0.036 0.020 8.16 1.093 0.603 0.490 44.82 17.35

12 Qtr-3 0.037 0.037 5.44 0.716 0.718 -0.001 -0.18 -0.18
Qtr-4 0.017 0.019 5.68 0.357 0.395 -0.037 -10.44 -2.06
Qtr-5 0.019 0.020 6.82 0.477 0.474 0.003 0.68 -0.71
Qtr-6 0.020 0.014 9.44 0.687 0.498 0.189 27.56 11.04
Qtr-7 0.035 0.020 8.40 1.093 0.627 0.466 42.66 17.19
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Exhibit C-15
Period-of-Record, Quarterly, and Monthly Summaries of Total Phosphorus Mass Balance Data from the Porta-PSTA Treatments, April 1999 - March 2000

TP (mg/L) q_in MB_TP (g/m2/y) Removal Calc_k
Treatment Date Inflow Outflow (cm/d) Inflow Outflow (g/m2/y) (%) (m/y)
Monthly

1 Apr-99 0.038 0.038 5.00 0.714 0.681 0.034 4.73 0.20
May-99 0.018 0.016 4.63 0.303 0.273 0.030 9.95 2.15
Jun-99 0.021 0.015 4.96 0.363 0.279 0.084 23.15 5.50
Jul-99 0.013 0.017 5.36 0.251 0.319 -0.069 -27.46 -5.07
Aug-99 0.020 0.022 5.87 0.416 0.467 -0.051 -12.30 -2.56
Sep-99 0.017 0.017 8.07 0.504 0.496 0.008 1.55 0.26
Oct-99 0.020 0.016 10.05 0.745 0.583 0.162 21.72 9.44
Nov-99 0.015 0.012 8.99 0.505 0.403 0.102 20.15 7.07
Dec-99 0.019 0.015 10.14 0.722 0.552 0.170 23.53 10.14
Jan-00 0.023 0.014 9.07 0.629 0.341 0.288 45.72 16.96

2 Apr-99 0.044 0.041 5.54 0.898 0.835 0.063 7.00 1.45
May-99 0.019 0.022 4.50 0.311 0.375 -0.064 -20.65 -2.93
Jun-99 0.027 0.021 5.32 0.510 0.425 0.085 16.61 4.51
Jul-99 0.013 0.013 5.36 0.259 0.246 0.013 4.98 0.79
Aug-99 0.019 0.016 5.58 0.390 0.320 0.071 18.16 4.13
Sep-99 0.018 0.015 8.51 0.558 0.462 0.095 17.08 6.34
Oct-99 0.020 0.014 8.99 0.649 0.464 0.185 28.45 12.49
Nov-99 0.016 0.011 9.25 0.526 0.381 0.145 27.59 10.96
Dec-99 0.020 0.014 9.29 0.676 0.479 0.198 29.23 11.72
Jan-00 0.023 0.013 9.06 0.628 0.368 0.261 41.48 19.54

3 Apr-99 0.038 0.030 4.65 0.669 0.515 0.154 23.00 4.08
May-99 0.018 0.018 4.55 0.311 0.302 0.009 3.00 0.44
Jun-99 0.021 0.018 4.89 0.373 0.325 0.048 12.75 3.10
Jul-99 0.013 0.014 5.17 0.241 0.269 -0.028 -11.61 -1.94
Aug-99 0.019 0.020 5.77 0.397 0.406 -0.010 -2.46 -0.68
Sep-99 0.017 0.018 7.87 0.492 0.522 -0.030 -6.04 -1.59
Oct-99 0.020 0.016 9.19 0.668 0.544 0.124 18.54 7.10
Nov-99 0.015 0.013 8.86 0.503 0.403 0.100 19.82 6.64
Dec-99 0.020 0.013 9.86 0.711 0.495 0.216 30.38 13.30
Jan-00 0.025 0.013 8.71 0.780 0.411 0.368 47.23 20.20
Feb-00 0.035 0.018 8.79 1.121 0.577 0.544 48.56 20.63
Mar-00 0.035 0.018 7.01 0.929 0.463 0.466 50.13 17.32

4 Apr-99 0.039 0.038 5.10 0.739 0.681 0.058 7.83 0.67
May-99 0.019 0.022 4.70 0.319 0.376 -0.056 -17.62 -2.75
Jun-99 0.020 0.019 5.38 0.387 0.366 0.021 5.53 1.06
Jul-99 0.013 0.015 5.53 0.264 0.296 -0.032 -12.24 -2.36
Aug-99 0.019 0.017 5.54 0.378 0.345 0.033 8.70 1.71
Sep-99 0.018 0.018 7.77 0.512 0.490 0.022 4.33 0.53
Oct-99 0.021 0.014 9.50 0.720 0.484 0.236 32.72 13.78
Nov-99 0.015 0.011 8.87 0.497 0.347 0.150 30.24 11.73
Dec-99 0.019 0.013 9.62 0.677 0.453 0.224 33.12 14.04
Jan-00 0.025 0.014 9.54 0.873 0.475 0.398 45.60 20.98
Feb-00 0.034 0.018 8.88 1.087 0.584 0.503 46.27 20.25
Mar-00 0.037 0.017 7.04 0.965 0.450 0.515 53.41 19.63

5 Apr-99 0.039 0.033 10.40 1.467 1.240 0.228 15.51 6.40
May-99 0.019 0.022 8.54 0.585 0.679 -0.094 -15.99 -5.29
Jun-99 0.021 0.014 9.32 0.707 0.466 0.241 34.07 14.04
Jul-99 0.013 0.017 9.65 0.456 0.591 -0.135 -29.68 -9.09
Aug-99 0.019 0.020 10.64 0.746 0.756 -0.010 -1.37 -1.49
Sep-99 0.017 0.015 11.73 0.738 0.622 0.116 15.68 6.78
Oct-99 0.020 0.015 18.08 1.364 0.993 0.370 27.16 18.49
Nov-99 0.016 0.014 18.68 1.069 0.977 0.092 8.60 5.90
Dec-99 0.020 0.014 18.49 1.326 0.963 0.363 27.37 21.59
Jan-00 0.025 0.015 18.68 1.701 1.030 0.672 39.48 34.30
Feb-00 0.034 0.019 17.89 2.224 1.249 0.975 43.82 38.04
Mar-00 0.038 0.021 11.45 1.676 0.874 0.803 47.88 24.45

6 Apr-99 0.038 0.037 3.81 0.547 0.525 0.023 4.12 0.37
May-99 0.019 0.029 2.28 0.156 0.240 -0.084 -53.49 -3.54
Jun-99 0.020 0.015 6.62 0.475 0.360 0.115 24.20 7.46
Jul-99 0.013 0.013 8.24 0.393 0.408 -0.015 -3.74 -0.93
Aug-99 0.019 0.016 8.47 0.586 0.501 0.085 14.55 4.80
Sep-99 0.018 0.016 10.94 0.717 0.635 0.082 11.40 4.88
Oct-99 0.021 0.016 7.14 0.537 0.426 0.111 20.74 7.21
Nov-99 0.015 0.013 3.89 0.217 0.182 0.036 16.35 2.61
Dec-99 0.019 0.014 1.77 0.122 0.094 0.028 22.77 1.81
Jan-00 0.025 0.014 5.12 0.481 0.255 0.226 47.06 11.59
Feb-00 0.034 0.015 4.64 0.570 0.256 0.314 55.11 13.58
Mar-00 0.040 0.017 4.58 0.666 0.286 0.380 57.05 14.02
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Exhibit C-15
Period-of-Record, Quarterly, and Monthly Summaries of Total Phosphorus Mass Balance Data from the Porta-PSTA Treatments, April 1999 - March 2000

TP (mg/L) q_in MB_TP (g/m2/y) Removal Calc_k
Treatment Date Inflow Outflow (cm/d) Inflow Outflow (g/m2/y) (%) (m/y)

7 Apr-99 0.040 0.062 5.42 0.791 1.151 -0.360 -45.54 -8.66
May-99 0.019 0.016 4.97 0.342 0.303 0.039 11.40 3.07
Jun-99 0.021 0.027 4.57 0.337 0.430 -0.093 -27.46 -4.54
Jul-99 0.013 0.013 5.76 0.272 0.269 0.003 1.13 0.51
Aug-99 0.019 0.016 5.67 0.394 0.333 0.061 15.53 3.54
Sep-99 0.018 0.016 7.13 0.466 0.415 0.051 10.90 3.18
Oct-99 0.020 0.013 9.44 0.683 0.449 0.234 34.28 14.29
Nov-99 0.015 0.012 9.25 0.516 0.398 0.117 22.73 8.53
Dec-99 0.019 0.013 8.63 0.608 0.424 0.184 30.23 11.04
Jan-00 0.025 0.016 9.40 0.861 0.540 0.321 37.25 15.97
Feb-00 0.034 0.019 8.14 0.996 0.571 0.425 42.67 16.77
Mar-00 0.036 0.015 6.70 0.911 0.389 0.522 57.28 20.58

8 Apr-99 0.037 0.047 5.60 0.759 0.968 -0.209 -27.48 -4.74
May-99 0.019 0.022 5.06 0.349 0.426 -0.077 -22.05 -2.75
Jun-99 0.020 0.020 5.27 0.383 0.372 0.011 2.92 0.49
Jul-99 0.013 0.015 7.22 0.341 0.391 -0.050 -14.67 -4.30
Aug-99 0.019 0.022 6.44 0.447 0.503 -0.056 -12.46 -3.16
Sep-99 0.017 0.018 7.03 0.414 0.446 -0.031 -7.58 -1.93
Oct-99 0.020 0.016 10.00 0.741 0.593 0.148 19.94 7.72
Nov-99 0.016 0.017 8.93 0.529 0.550 -0.022 -4.10 -2.06
Dec-99 0.020 0.015 9.20 0.683 0.491 0.192 28.06 10.58
Jan-00 0.023 0.015 9.00 0.624 0.417 0.207 33.16 14.44

9 Apr-99 0.041 0.031 6.18 0.906 0.679 0.228 25.13 6.36
May-99 0.019 0.016 5.15 0.356 0.309 0.047 13.11 2.78
Jun-99 0.021 0.012 5.35 0.394 0.245 0.150 37.94 10.18
Jul-99 0.013 0.014 5.35 0.246 0.273 -0.027 -11.05 -2.10
Aug-99 0.019 0.017 5.72 0.389 0.339 0.051 12.97 2.31
Sep-99 0.017 0.015 6.16 0.434 0.333 0.101 23.32 3.14
Oct-99 0.020 0.016 8.65 0.602 0.491 0.111 18.45 6.13
Nov-99 0.015 0.021 8.92 0.498 0.688 -0.191 -38.30 -10.30
Dec-99 0.020 0.019 9.84 0.737 0.664 0.073 9.94 2.62
Jan-00 0.025 0.017 9.51 0.852 0.579 0.272 31.97 13.60
Feb-00 0.035 0.021 8.99 1.135 0.671 0.465 40.94 17.20
Mar-00 0.039 0.028 11.51 1.719 1.226 0.493 28.68 13.37

10 Apr-99 0.036 0.027 7.74 0.903 0.729 0.174 19.28 8.04
May-99 0.019 0.015 4.18 0.295 0.233 0.061 20.83 3.63
Jun-99 0.020 0.020 5.06 0.376 0.370 0.006 1.58 0.18
Jul-99 0.013 0.014 5.36 0.260 0.277 -0.017 -6.36 -1.32
Aug-99 0.020 0.014 5.80 0.409 0.304 0.105 25.75 6.50
Sep-99 0.018 0.014 7.47 0.489 0.390 0.099 20.21 6.55
Oct-99 0.020 0.013 9.77 0.726 0.480 0.246 33.89 14.41
Nov-99 0.016 0.012 8.49 0.497 0.368 0.130 26.08 9.47
Dec-99 0.019 0.013 9.13 0.638 0.420 0.218 34.10 13.40
Jan-00 0.025 0.016 9.46 0.858 0.559 0.299 34.83 15.00
Feb-00 0.034 0.017 8.12 1.001 0.500 0.501 50.06 20.65
Mar-00 0.041 0.019 8.28 1.250 0.564 0.686 54.87 23.83

11 Apr-99 0.040 0.059 5.22 0.771 1.116 -0.344 -44.63 -7.20
May-99 0.020 0.031 5.27 0.381 0.591 -0.210 -55.23 -8.88
Jun-99 0.021 0.018 5.53 0.420 0.358 0.062 14.68 3.06
Jul-99 0.013 0.015 5.50 0.261 0.314 -0.052 -20.10 -3.48
Aug-99 0.019 0.020 5.39 0.374 0.389 -0.015 -4.06 -0.81
Sep-99 0.017 0.014 5.86 0.355 0.297 0.058 16.41 3.82
Oct-99 0.020 0.015 8.32 0.609 0.440 0.169 27.79 9.68
Nov-99 0.016 0.012 9.69 0.548 0.419 0.129 23.51 9.50
Dec-99 0.019 0.014 9.54 0.680 0.497 0.184 26.99 10.88
Jan-00 0.025 0.015 9.56 0.862 0.520 0.342 39.65 17.59
Feb-00 0.034 0.019 9.40 1.176 0.664 0.512 43.53 19.64
Mar-00 0.038 0.021 6.93 1.011 0.543 0.468 46.31 14.95

12 Apr-99 0.037 0.037 5.44 0.716 0.718 -0.001 -0.18 -0.18
May-99 0.019 0.023 5.90 0.407 0.495 -0.088 -21.66 -4.19
Jun-99 0.020 0.018 5.54 0.406 0.363 0.043 10.58 2.35
Jul-99 0.013 0.017 5.59 0.260 0.351 -0.092 -35.39 -6.25
Aug-99 0.019 0.022 5.76 0.398 0.468 -0.070 -17.58 -3.38
Sep-99 0.017 0.019 5.92 0.373 0.410 -0.037 -9.85 -2.03
Oct-99 0.020 0.016 8.60 0.627 0.512 0.115 18.32 6.04
Nov-99 0.015 0.013 8.82 0.491 0.419 0.073 14.80 5.18
Dec-99 0.020 0.016 10.03 0.720 0.581 0.139 19.24 8.55
Jan-00 0.025 0.015 9.58 0.856 0.527 0.330 38.52 16.98
Feb-00 0.035 0.020 9.28 1.190 0.672 0.518 43.54 19.30
Mar-00 0.036 0.020 7.51 0.996 0.582 0.415 41.62 15.14
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Exhibit C-16
Period-of-Record, Quarterly, and Monthly Summaries of Total Nitrogen Mass Balance Data from the Porta-PSTA Treatments, April 1999 - March 2000

TN (mg/L) q_in MB_TN (g/m2/y) Removal Calc_k
Treatment Date Inflow Outflow (cm/d) Inflow Outflow (g/m2/y) (%) (m/y)

Period of Record
1 1999-2000 1.240 1.172 7.14 33.104 32.389 0.715 2.16 1.47
2 1999-2000 1.304 1.270 7.35 35.593 35.338 0.255 0.72 0.69
3 1999-2000 1.343 1.183 7.28 36.350 33.527 2.822 7.76 3.37
4 1999-2000 1.436 1.316 7.47 40.422 37.067 3.355 8.30 2.38
5 1999-2000 1.392 1.308 14.31 75.951 71.975 3.976 5.23 3.26
6 1999-2000 1.431 1.353 5.81 30.156 24.186 5.970 19.80 1.20
7 1999-2000 1.411 1.323 7.37 38.914 36.405 2.509 6.45 1.73
8 1999-2000 1.396 1.146 7.20 38.203 31.150 7.054 18.46 5.19
9 1999-2000 1.394 1.415 7.73 38.898 39.883 -0.984 -2.53 -0.42

10 1999-2000 1.401 1.279 7.97 42.347 39.172 3.175 7.50 2.65
11 1999-2000 1.400 1.423 7.22 37.992 38.869 -0.877 -2.31 -0.44
12 1999-2000 1.381 1.231 7.49 38.566 34.855 3.711 9.62 3.15

Quarterly
1 Qtr-3 1.480 1.044 4.08 22.054 15.864 6.189 28.06 5.20

Qtr-4 0.935 0.673 4.88 16.884 11.159 5.725 33.91 5.85
Qtr-5 1.422 1.460 8.58 43.366 44.007 -0.641 -1.48 -0.82
Qtr-6 1.345 1.532 9.37 45.724 52.314 -6.591 -14.41 -4.45

2 Qtr-3 1.440 0.922 5.36 28.187 17.829 10.358 36.75 8.72
Qtr-4 0.978 0.795 5.41 19.270 15.486 3.784 19.64 4.09
Qtr-5 1.294 1.437 8.39 37.912 40.932 -3.021 -7.97 -3.21
Qtr-6 1.707 1.692 9.06 56.350 55.944 0.405 0.72 0.29

3 Qtr-3 1.480 1.300 3.28 17.725 14.223 3.502 19.76 1.55
Qtr-4 0.932 0.617 4.76 16.192 10.807 5.384 33.25 7.17
Qtr-5 1.437 1.183 8.38 42.587 35.058 7.530 17.68 5.95
Qtr-6 1.443 1.392 9.42 48.881 47.269 1.612 3.30 1.23
Qtr-7 1.600 1.583 8.17 47.745 47.346 0.399 0.84 0.31

4 Qtr-3 1.480 1.097 4.06 21.914 16.214 5.700 26.01 4.43
Qtr-4 0.952 0.877 5.39 18.813 16.065 2.748 14.61 1.63
Qtr-5 1.448 1.186 7.72 40.118 30.870 9.247 23.05 5.61
Qtr-6 1.775 1.731 9.34 60.680 59.388 1.291 2.13 0.85
Qtr-7 1.612 1.585 8.96 52.309 51.307 1.001 1.91 0.55

5 Qtr-3 1.480 0.947 10.52 56.814 35.971 20.842 36.69 17.16
Qtr-4 0.863 0.641 8.91 28.241 19.906 8.335 29.51 9.68
Qtr-5 1.372 1.496 13.96 65.368 70.536 -5.168 -7.91 -4.39
Qtr-6 1.739 1.602 19.21 121.954 112.170 9.784 8.02 5.76
Qtr-7 1.648 1.856 17.46 103.955 117.540 -13.586 -13.07 -7.56

6 Qtr-3 1.480 1.427 2.71 14.623 14.382 0.241 1.65 0.36
Qtr-4 0.964 0.757 5.56 20.024 11.929 8.096 40.43 4.90
Qtr-5 1.414 1.196 8.99 48.508 38.164 10.345 21.33 5.51
Qtr-6 1.798 1.847 3.64 23.286 22.512 0.774 3.32 -0.35
Qtr-7 1.590 1.603 4.63 26.721 26.978 -0.257 -0.96 -0.14

7 Qtr-3 1.480 1.730 5.37 28.986 33.882 -4.896 -16.89 -3.06
Qtr-4 0.964 0.657 5.15 18.441 11.634 6.806 36.91 7.21
Qtr-5 1.373 1.130 7.73 37.798 28.839 8.959 23.70 5.49
Qtr-6 1.785 1.850 8.98 58.337 60.489 -2.152 -3.69 -1.17
Qtr-7 1.560 1.615 8.56 47.685 50.049 -2.363 -4.96 -1.08

8 Qtr-3 1.480 1.340 5.43 29.356 26.579 2.777 9.46 1.97
Qtr-4 0.961 0.695 5.01 17.636 12.216 5.419 30.73 5.94
Qtr-5 1.567 1.370 8.64 47.810 41.133 6.677 13.97 4.23
Qtr-6 1.750 1.390 9.24 59.069 46.859 12.209 20.67 7.76

9 Qtr-3 1.480 NA 7.62 41.163 NA NA NA NA
Qtr-4 0.958 0.816 5.35 18.808 15.908 2.900 15.42 3.14
Qtr-5 1.417 1.520 8.30 32.353 36.118 -3.765 -11.64 -2.13
Qtr-6 1.665 1.710 9.47 57.610 59.139 -1.528 -2.65 -0.92
Qtr-7 1.565 1.715 8.18 46.378 50.726 -4.348 -9.38 -2.73

10 Qtr-3 1.480 1.490 13.18 71.177 71.658 -0.481 -0.68 -0.32
Qtr-4 0.932 0.758 4.80 16.586 12.818 3.768 22.72 3.64
Qtr-5 1.408 1.073 8.05 40.411 29.791 10.620 26.28 7.97
Qtr-6 1.755 1.778 9.46 60.970 61.901 -0.931 -1.53 -0.46
Qtr-7 1.520 1.515 7.71 42.507 42.434 0.074 0.17 0.09

11 Qtr-3 1.480 1.595 4.81 25.978 27.996 -2.019 -7.77 -1.31
Qtr-4 0.934 0.905 4.99 16.888 16.488 0.401 2.37 0.56
Qtr-5 1.407 1.390 6.76 32.384 32.395 -0.010 -0.03 0.29
Qtr-6 1.612 1.658 9.60 56.437 58.046 -1.609 -2.85 -1.00
Qtr-7 1.730 1.810 8.90 56.397 58.823 -2.426 -4.30 -1.47

12 Qtr-3 1.480 1.590 5.93 32.045 34.426 -2.382 -7.43 -1.55
Qtr-4 0.973 0.752 5.61 19.677 15.934 3.743 19.02 5.28
Qtr-5 1.347 1.250 6.94 31.979 30.434 1.545 4.83 1.89
Qtr-6 1.628 1.318 9.50 56.427 46.398 10.030 17.77 7.34
Qtr-7 1.625 1.610 8.91 53.246 52.766 0.481 0.90 0.30
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Exhibit C-16
Period-of-Record, Quarterly, and Monthly Summaries of Total Nitrogen Mass Balance Data from the Porta-PSTA Treatments, April 1999 - March 2000

TN (mg/L) q_in MB_TN (g/m2/y) Removal Calc_k
Treatment Date Inflow Outflow (cm/d) Inflow Outflow (g/m2/y) (%) (m/y)
Monthly

1 Apr-99 1.480 1.044 4.08 22.054 15.864 6.189 28.06 5.20
May-99 0.829 1.067 3.83 11.409 14.762 -3.353 -29.39 -3.53
Jun-99 0.886 0.450 5.05 16.328 8.249 8.079 49.48 12.50
Jul-99 1.090 0.503 5.76 22.916 10.465 12.451 54.33 16.24
Aug-99 1.460 1.743 7.05 37.594 44.709 -7.114 -18.92 -4.57
Sep-99 1.987 1.733 8.56 62.174 54.044 8.129 13.08 4.26
Oct-99 0.820 0.903 10.13 30.329 33.268 -2.938 -9.69 -3.58
Nov-99 1.600 1.733 8.85 51.665 56.075 -4.410 -8.54 -2.58
Dec-99 1.090 1.330 9.90 39.783 48.554 -8.771 -22.05 -7.19

2 Apr-99 1.440 0.922 5.36 28.187 17.829 10.358 36.75 8.72
May-99 0.948 1.085 4.75 16.427 18.885 -2.458 -14.96 -2.35
Jun-99 0.886 0.722 5.83 18.843 15.955 2.888 15.33 4.37
Jul-99 1.090 0.650 5.43 21.592 12.907 8.685 40.22 10.24
Aug-99 1.460 1.837 6.01 32.052 39.979 -7.927 -24.73 -5.04
Sep-99 1.602 1.713 8.50 49.758 53.125 -3.368 -6.77 -2.09
Oct-99 0.820 0.760 10.67 31.925 29.693 2.233 6.99 2.96
Nov-99 1.600 1.297 9.07 52.957 42.965 9.992 18.87 6.96
Dec-99 1.813 2.087 9.04 59.742 68.923 -9.181 -15.37 -4.63

3 Apr-99 1.480 1.300 3.28 17.725 14.223 3.502 19.76 1.55
May-99 0.820 0.998 4.41 13.100 16.582 -3.482 -26.58 -3.17
Jun-99 0.886 0.520 5.15 16.644 9.808 6.836 41.07 10.02
Jul-99 1.090 0.460 4.73 18.832 7.957 10.874 57.74 14.90
Aug-99 1.460 1.151 6.82 36.365 28.717 7.648 21.03 5.92
Sep-99 2.030 1.767 8.29 61.407 53.378 8.029 13.08 4.20
Oct-99 0.820 0.630 10.02 29.990 23.077 6.912 23.05 9.64
Nov-99 1.600 1.567 9.69 56.609 55.412 1.197 2.11 0.74
Dec-99 0.953 0.980 10.11 35.279 36.100 -0.821 -2.33 -1.02
Jan-00 1.775 1.630 8.45 54.755 50.296 4.459 8.14 2.63
Feb-00 1.320 1.327 8.11 39.050 39.251 -0.201 -0.52 -0.15
Mar-00 1.880 1.840 8.24 56.441 55.442 0.999 1.77 0.65

4 Apr-99 1.480 1.097 4.06 21.914 16.214 5.700 26.01 4.43
May-99 0.880 1.413 4.68 15.090 23.697 -8.606 -57.03 -8.09
Jun-99 0.886 0.645 5.94 19.202 13.631 5.572 29.02 6.88
Jul-99 1.090 0.494 5.57 22.147 10.055 12.092 54.60 16.08
Aug-99 1.460 1.623 6.43 34.248 38.049 -3.801 -11.10 -2.49
Sep-99 1.755 1.272 7.68 49.524 32.677 16.847 34.02 9.03
Oct-99 0.820 0.663 9.08 27.176 21.885 5.291 19.47 7.03
Nov-99 1.600 1.283 9.10 53.144 42.596 10.549 19.85 7.33
Dec-99 1.950 2.200 9.74 69.355 78.227 -8.871 -12.79 -4.29
Jan-00 1.775 1.710 9.19 59.540 57.343 2.197 3.69 1.25
Feb-00 1.320 1.323 9.42 45.386 45.374 0.011 0.02 -0.09
Mar-00 1.903 1.847 8.50 59.231 57.240 1.992 3.36 0.94

5 Apr-99 1.480 0.947 10.52 56.814 35.971 20.842 36.69 17.16
May-99 0.614 0.855 7.60 15.779 23.655 -7.876 -49.91 -9.19
Jun-99 0.886 0.471 9.68 31.319 16.961 14.357 45.84 22.31
Jul-99 1.090 0.597 9.46 37.626 19.102 18.524 49.23 20.80
Aug-99 1.460 1.640 9.51 50.689 57.304 -6.615 -13.05 -4.04
Sep-99 1.837 2.020 13.02 87.470 95.985 -8.515 -9.73 -4.52
Oct-99 0.820 0.827 19.36 57.944 58.320 -0.376 -0.65 -0.57
Nov-99 1.600 1.200 19.27 112.525 83.956 28.569 25.39 20.23
Dec-99 1.843 1.943 19.21 129.270 136.251 -6.981 -5.40 -3.70
Jan-00 1.775 1.663 19.15 124.068 116.304 7.764 6.26 4.54
Feb-00 1.320 1.690 18.47 88.988 113.925 -24.936 -28.02 -16.66
Mar-00 1.977 2.105 16.45 118.921 122.964 -4.043 -3.40 -3.78

6 Apr-99 1.480 1.427 2.71 14.623 14.382 0.241 1.65 0.36
May-99 0.916 1.187 1.99 6.665 8.647 -1.981 -29.73 -1.88
Jun-99 0.886 0.569 6.75 21.818 14.916 6.902 31.64 10.93
Jul-99 1.090 0.454 7.94 31.589 13.219 18.370 58.15 25.41
Aug-99 1.460 1.580 8.17 43.560 47.193 -3.633 -8.34 -2.36
Sep-99 1.689 1.253 10.79 65.928 50.489 15.440 23.42 11.73
Oct-99 0.820 0.753 6.22 18.616 16.810 1.807 9.71 1.93
Nov-99 1.600 1.400 3.60 21.016 18.258 2.758 13.13 1.75
Dec-99 2.020 2.477 1.67 12.301 15.065 -2.764 -22.47 -1.24
Jan-00 1.775 1.663 5.64 36.540 34.214 2.327 6.37 1.34
Feb-00 1.320 1.387 4.76 22.934 24.121 -1.187 -5.18 -0.86
Mar-00 1.860 1.820 4.49 30.509 29.836 0.673 2.21 0.36
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Exhibit C-16
Period-of-Record, Quarterly, and Monthly Summaries of Total Nitrogen Mass Balance Data from the Porta-PSTA Treatments, April 1999 - March 2000

TN (mg/L) q_in MB_TN (g/m2/y) Removal Calc_k
Treatment Date Inflow Outflow (cm/d) Inflow Outflow (g/m2/y) (%) (m/y)

7 Apr-99 1.480 1.730 5.37 28.986 33.882 -4.896 -16.89 -3.06
May-99 0.917 0.966 4.15 13.897 14.640 -0.743 -5.34 -0.79
Jun-99 0.886 0.568 4.71 15.221 9.758 5.463 35.89 7.64
Jul-99 1.090 0.437 6.59 26.205 10.506 15.699 59.91 21.97
Aug-99 1.460 1.630 6.15 32.763 36.578 -3.815 -11.64 -2.47
Sep-99 1.605 1.230 7.35 44.130 30.439 13.691 31.02 7.14
Oct-99 0.820 0.530 10.08 30.169 19.500 10.670 35.37 16.06
Nov-99 1.600 1.600 9.56 55.830 55.830 0.000 0.00 0.00
Dec-99 1.980 2.270 8.88 64.176 73.575 -9.399 -14.65 -4.43
Jan-00 1.775 1.680 8.49 55.005 52.061 2.944 5.35 1.70
Feb-00 1.320 1.520 9.78 47.120 54.259 -7.139 -15.15 -5.04
Mar-00 1.800 1.710 7.34 48.250 45.838 2.413 5.00 1.37

8 Apr-99 1.480 1.340 5.43 29.356 26.579 2.777 9.46 1.97
May-99 0.908 0.922 3.90 12.925 13.125 -0.199 -1.54 -0.22
Jun-99 0.886 0.532 5.72 18.498 11.107 7.391 39.95 10.65
Jul-99 1.090 0.630 5.40 21.484 12.417 9.067 42.20 10.81
Aug-99 1.460 1.820 7.32 39.008 48.627 -9.618 -24.66 -5.89
Sep-99 2.420 1.570 8.35 73.773 47.861 25.912 35.12 13.19
Oct-99 0.820 0.720 10.24 30.648 26.911 3.738 12.20 4.86
Nov-99 1.600 1.400 9.11 53.226 46.573 6.653 12.50 4.44
Dec-99 1.900 1.380 9.36 64.912 47.146 17.765 27.37 10.92

9 Apr-99 1.480 NA 7.62 41.163 NA NA NA NA
May-99 0.899 0.844 4.78 15.685 14.725 0.960 6.12 1.10
Jun-99 0.886 0.804 5.52 17.851 16.199 1.652 9.26 1.96
Jul-99 1.090 0.800 5.75 22.889 16.799 6.090 26.61 6.50
Aug-99 1.460 1.670 6.44 34.297 39.231 -4.933 -14.38 -3.16
Sep-99 1.970 2.000 8.52 61.263 62.196 -0.933 -1.523 -0.20
Oct-99 0.820 0.890 10.16 30.409 33.005 -2.596 -8.54 -3.04
Nov-99 1.600 1.700 9.68 56.531 60.064 -3.533 -6.25 -2.14
Dec-99 1.620 1.700 9.05 53.521 56.164 -2.643 -4.94 -1.59
Jan-00 1.775 1.730 9.69 62.779 61.188 1.592 2.54 0.91
Feb-00 1.320 1.380 8.58 41.338 43.217 -1.879 -4.55 -1.39
Mar-00 1.810 2.050 7.78 51.417 58.235 -6.818 -13.26 -3.54

10 Apr-99 1.480 1.490 13.18 71.177 71.658 -0.481 -0.68 -0.32
May-99 0.821 0.996 4.14 12.406 15.051 -2.644 -21.32 -2.92
Jun-99 0.886 0.822 4.73 15.307 14.201 1.106 7.22 1.30
Jul-99 1.090 0.455 5.54 22.046 9.203 12.843 58.26 17.67
Aug-99 1.460 1.410 6.89 36.727 35.470 1.258 3.42 0.88
Sep-99 1.675 1.140 7.56 47.195 28.961 18.234 38.64 10.62
Oct-99 0.820 0.670 10.20 30.529 24.944 5.585 18.29 7.52
Nov-99 1.600 1.600 8.28 48.355 48.355 0.000 0.00 0.00
Dec-99 1.890 2.040 10.32 71.193 76.843 -5.650 -7.94 -2.88
Jan-00 1.775 1.695 9.78 63.362 60.506 2.856 4.51 1.65
Feb-00 1.320 1.370 8.04 38.737 40.204 -1.467 -3.79 -1.09
Mar-00 1.720 1.660 7.37 46.278 44.663 1.614 3.49 0.96

11 Apr-99 1.480 1.595 4.81 25.978 27.996 -2.019 -7.77 -1.31
May-99 0.825 0.903 5.58 16.815 18.405 -1.590 -9.45 -1.84
Jun-99 0.886 0.813 4.76 15.408 14.138 1.269 8.24 1.50
Jul-99 1.090 1.000 4.64 18.443 16.920 1.523 8.26 1.46
Aug-99 1.460 1.390 5.20 27.711 26.382 1.329 4.79 0.93
Sep-99 1.940 1.880 5.95 42.146 40.843 1.303 3.09 0.68
Oct-99 0.820 0.900 9.12 27.296 29.959 -2.663 -9.76 -3.10
Nov-99 1.600 1.400 9.68 56.531 49.465 7.066 12.50 4.72
Dec-99 1.460 1.850 9.58 51.037 64.670 -13.633 -26.71 -8.28
Jan-00 1.775 1.725 9.53 61.742 60.003 1.739 2.82 0.99
Feb-00 1.320 1.730 8.76 42.182 55.283 -13.102 -31.06 -8.64
Mar-00 2.140 1.890 9.04 70.611 62.362 8.249 11.68 4.10

12 Apr-99 1.480 1.590 5.93 32.045 34.426 -2.382 -7.43 -1.55
May-99 0.942 1.020 6.18 21.249 23.008 -1.759 -8.28 -1.79
Jun-99 0.886 0.750 6.16 19.906 16.840 3.067 15.41 3.76
Jul-99 1.090 0.485 4.49 17.877 7.954 9.922 55.50 13.28
Aug-99 1.460 1.265 5.71 30.451 26.384 4.067 13.36 2.99
Sep-99 1.760 1.540 5.92 38.030 33.276 4.754 12.50 2.89
Oct-99 0.820 0.945 9.17 27.456 31.641 -4.185 -15.24 -4.75
Nov-99 1.600 0.813 8.68 50.691 25.742 24.950 49.22 21.47
Dec-99 1.510 1.510 10.10 55.682 55.682 0.000 0.00 0.00
Jan-00 1.775 1.630 9.71 62.909 57.770 5.139 8.17 3.02
Feb-00 1.320 1.300 8.52 41.049 40.427 0.622 1.52 0.47
Mar-00 1.930 1.920 9.29 65.443 65.104 0.339 0.52 0.18

NA = Not available
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DFB/APP C.DOC C-29

C.7 Sediments
Soils within the Porta-PSTA mesocosms were cored at randomly selected locations and
analyzed from the depth increment 0 to 10 cm. Sub-samples from each of the cores were
analyzed, and key parameter analyses are summarized in Exhibit C-17. A discussion of key
findings is presented in the following paragraphs.

C.7.1 Temperature
On May 28, 1999, continuous monitoring of sediment temperature was initiated at the Porta-
PSTAs. A temperature probe was placed approximately 1 cm into the sediments and rotated
between mesocosms on a 3- to 4-day schedule. Average temperatures for each media follow
the same pattern; however, air temperature was approximately 2.5°C lower than sediment
and water column temperatures. Sediment and water temperatures were typically very
similar.

Daily average temperatures in air water and sediment samples of the Porta-PSTA meso-
cosms are presented in Exhibit C-18.

C.7.2 Bulk Density
Samples were collected monthly from each mesocosm and analyzed for density and percent
solids. Bulk density was estimated by multiplying the sample’s wet density by the percent
solids.

The peat soils in Treatments 1, 3, 9, and 12 are highly organic and exhibit low bulk densities,
which averaged between 0.27 and 0.31 g/cm3, compared with the shellrock soils of Treat-
ments 2, 4, 5, 6, 10, and 11, which averaged between 1.28 and 1.44 g/cm3. The sand soil
treatments averaged 1.25 and 1.37 g/cm3.

C.7.3 Phosphorus
Sediment samples were collected monthly from the Porta-PSTAs and analyzed monthly for
TP and TIP and quarterly for NRP. Treatments 7 and 8 (sand) exhibited the lowest long-
term average TP concentration at the Porta-PSTA site varying between 23.8 and 28.8 mg/kg,
with an average TIP concentration between 13 and 14 mg/kg.

In Treatments 1, 3, 9, and 12 (peat), the average long-term TP concentration has varied
between 195 and 208 mg/kg, with an average TIP concentration between 114 and
117 mg/kg.  In Treatments 2, 4, 5, 6, 10, and 11 (shellrock), the average long-term TP concen-
tration varied between 941 and 1,044 mg/kg, with an average TIP concentration between
932 and 966 mg/kg.

Exhibit C-19 summarizes the NRP data for Porta-PSTA sediments.



Exhibit C-17
Period-of-Record, Quarterly, and Monthly Summaries of Sediment Data for the Porta-PSTA Treatments, April 1999 - March 2000

Density Solids Bulk Den Vol Solids TP TIP TKN TOC
Treatment Date (g/cm3) (%) (g/cm3) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Period of Record
1 1999-2000 1.15 26.46 0.31 65.13 207.7 116.6 8,664.4 75,400.0
2 1999-2000 1.84 71.28 1.31 3.45 1,044.1 950.4 60.4 3,394.0
3 1999-2000 1.12 23.51 0.27 56.47 202.5 113.9 6,360.0 60,988.9
4 1999-2000 1.88 71.21 1.34 3.25 1,014.7 955.1 45.0 2,780.6
5 1999-2000 1.91 67.11 1.28 -- 984.8 932.1 61.8 3,484.0
6 1999-2000 1.91 75.64 1.44 -- 974.7 965.7 90.3 2,679.2
7 1999-2000 1.84 74.32 1.37 1.00 28.8 13.6 24.7 1,407.9
8 1999-2000 1.76 70.58 1.25 0.00 23.8 12.7 174.6 2,244.7
9 1999-2000 1.16 25.48 0.30 42.50 205.7 115.8 4,350.0 70,133.3

10 1999-2000 1.93 73.12 1.41 2.00 940.8 931.6 61.1 2,873.3
11 1999-2000 1.90 73.80 1.40 4.40 964.0 940.3 45.1 10,773.3
12 1999-2000 1.14 23.63 0.27 65.10 195.1 116.3 6,691.7 58,866.7

Quarterly -- -- -- -- -- -- -- --
1 Qtr-3 1.37 39.50 0.56 -- 370.4 287.4 -- --

Qtr-4 1.10 20.99 0.23 65.13 168.6 98.4 9,600.0 63,133.3
Qtr-5 1.12 28.40 0.32 -- 219.8 114.2 9,866.7 51,333.3
Qtr-6 1.20 27.40 0.32 -- 194.1 90.5 6,526.7 111,733.3
Qtr-7 -- -- -- -- -- -- -- --

2 Qtr-3 1.87 68.50 1.28 -- 868.3 836.1 -- --
Qtr-4 1.81 68.38 1.24 3.45 954.0 828.2 17.5 1,806.0
Qtr-5 1.82 73.39 1.33 -- 1,024.4 961.7 75.0 4,633.3
Qtr-6 1.90 72.92 1.38 -- 1,252.3 1134.5 74.3 3,213.3
Qtr-7 -- -- -- -- -- -- -- --

3 Qtr-3 1.16 28.50 0.33 -- 187.9 111.5 -- --
Qtr-4 1.10 21.18 0.24 56.47 221.9 151.6 3,086.7 27,200.0
Qtr-5 1.09 28.97 0.32 -- 212.7 100.5 7,583.3 45,833.3
Qtr-6 1.14 19.84 0.23 -- 167.1 93.9 8,410.0 109,933.3
Qtr-7 1.17 21.83 0.26 -- 218.6 108.5 -- --

4 Qtr-3 1.95 67.00 1.31 -- 903.4 912.1 -- --
Qtr-4 1.73 66.06 1.12 3.25 932.2 810.2 17.6 1,993.3
Qtr-5 1.83 74.52 1.37 -- 1,034.2 937.0 67.6 2,648.3
Qtr-6 1.96 76.50 1.50 -- 1,132.7 1090.9 50.0 3,700.0
Qtr-7 2.01 68.17 1.37 -- 984.5 1020.6 -- --

5 Qtr-3 1.90 65.33 1.24 -- 999.7 973.5 -- --
Qtr-4 1.84 65.44 1.21 -- 969.7 881.9 21.7 2,045.3
Qtr-5 1.81 66.02 1.21 -- 918.3 814.0 110.0 3,666.7
Qtr-6 1.98 71.18 1.41 -- 1,015.8 1017.9 53.8 4,740.0
Qtr-7 2.05 66.00 1.35 -- 1,067.0 1063.1 -- --

6 Qtr-3 1.89 77.67 1.46 -- 911.7 909.9 -- --
Qtr-4 1.82 74.14 1.35 -- 950.9 883.4 21.9 1,217.7
Qtr-5 1.86 75.50 1.40 -- 979.6 939.3 195.3 3,503.3
Qtr-6 1.95 76.36 1.49 -- 1,020.0 1087.0 53.7 3,316.7
Qtr-7 2.05 76.00 1.56 -- 970.4 988.4 -- --

7 Qtr-3 1.86 77.00 1.43 -- 16.6 13.1 -- --
Qtr-4 1.81 71.33 1.29 1.00 22.6 14.3 5.0 33.6
Qtr-5 1.76 74.93 1.32 -- 29.5 16.3 64.0 2,490.0
Qtr-6 1.90 78.33 1.49 -- 40.2 9.0 5.0 1,700.0
Qtr-7 1.90 70.50 1.34 -- 26.0 15.4 -- --

8 Qtr-3 1.86 70.00 1.30 -- 19.7 16.1 -- --
Qtr-4 1.60 62.97 1.03 0.00 14.6 11.1 2.0 3,875.0
Qtr-5 1.83 77.50 1.42 -- 31.6 16.0 510.0 2,200.0
Qtr-6 1.84 71.90 1.32 -- 27.9 8.6 11.8 659.0
Qtr-7 -- -- -- -- -- -- -- --

9 Qtr-3 1.08 24.00 0.26 -- 206.3 104.7 -- --
Qtr-4 1.10 22.80 0.25 42.50 171.2 93.9 2,300.0 69,700.0
Qtr-5 1.13 30.18 0.34 -- 222.9 114.9 4,600.0 45,000.0
Qtr-6 1.18 24.10 0.28 -- 216.3 155.0 6,150.0 95,700.0
Qtr-7 1.30 25.25 0.33 -- 215.2 96.8 -- --

10 Qtr-3 1.94 66.00 1.28 -- 1,060.0 987.3 -- --
Qtr-4 1.86 71.63 1.33 2.00 1,014.0 894.0 19.4 1,850.0
Qtr-5 1.86 77.23 1.44 -- 1,006.0 949.5 105.0 2,870.0
Qtr-6 1.96 75.27 1.48 -- 788.5 898.3 59.0 3,900.0
Qtr-7 2.05 69.50 1.42 -- 902.3 983.3 -- --

11 Qtr-3 1.88 72.00 1.35 -- 972.9 968.6 -- --
Qtr-4 1.81 78.97 1.43 4.40 917.9 872.6 34.5 26,000.0
Qtr-5 1.90 76.23 1.45 -- 888.3 850.0 48.0 2,600.0
Qtr-6 1.96 75.00 1.47 -- 1,083.3 1056.1 52.8 3,720.0
Qtr-7 1.95 61.50 1.20 -- 963.3 989.6 -- --

12 Qtr-3 1.13 29.50 0.33 -- 224.6 142.7 -- --
Qtr-4 1.11 29.22 0.33 65.10 183.4 119.6 5,410.0 34,200.0
Qtr-5 1.14 28.17 0.32 -- 212.9 119.8 6,700.0 58,000.0
Qtr-6 1.16 15.30 0.18 -- 165.4 101.0 7,965.0 84,400.0
Qtr-7 1.15 18.00 0.21 -- 215.6 115.8 -- --
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Exhibit C-17
Period-of-Record, Quarterly, and Monthly Summaries of Sediment Data for the Porta-PSTA Treatments, April 1999 - March 2000

Density Solids Bulk Den Vol Solids TP TIP TKN TOC
Treatment Date (g/cm3) (%) (g/cm3) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Monthly -- -- -- -- -- -- -- --

1 Apr-99 1.37 39.50 0.56 -- 370.4 287.4 -- --
May-99 1.09 31.67 0.35 -- 180.0 92.7 9,600.0 63,133.3
Jun-99 1.10 14.67 0.16 65.13 208.9 105.5 -- --
Jul-99 1.12 16.63 0.18 -- 117.0 97.1 -- --
Aug-99 1.12 26.70 0.30 -- 269.8 156.3 -- --
Sep-99 1.11 30.20 0.34 -- 183.3 100.1 9,866.7 51,333.3
Oct-99 1.12 28.30 0.32 -- 206.2 86.1 -- --
Nov-99 1.17 33.13 0.38 -- 152.1 85.5 -- --
Dec-99 1.22 21.67 0.26 -- 236.0 95.4 6,526.7 111,733.3
Jan-00 -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- --

2 Apr-99 1.87 68.50 1.28 -- 868.3 836.1 -- --
May-99 1.78 63.00 1.12 -- 1,052.1 932.5 17.5 1,806.0
Jun-99 1.83 69.33 1.27 3.45 804.3 682.6 -- --
Jul-99 1.81 71.00 1.28 -- 1,038.4 904.3 -- --
Aug-99 1.80 78.67 1.42 -- 1,019.7 949.0 -- --
Sep-99 1.78 74.77 1.33 -- 970.1 944.0 75.0 4,633.3
Oct-99 1.88 66.73 1.25 -- 1,083.2 991.9 -- --
Nov-99 1.90 68.50 1.31 -- 1,028.5 1048.0 -- --
Dec-99 1.89 77.33 1.46 -- 1,476.0 1220.9 74.3 3,213.3
Jan-00 -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- --

3 Apr-99 1.16 28.50 0.33 -- 187.9 111.5 -- --
May-99 1.12 26.33 0.30 -- 183.5 88.8 3,086.7 27,200.0
Jun-99 1.07 20.00 0.21 56.47 205.1 100.1 -- --
Jul-99 1.12 17.20 0.19 -- 277.0 266.0 -- --
Aug-99 0.99 22.30 0.22 -- 226.8 98.8 -- --
Sep-99 1.12 28.73 0.32 -- 201.1 112.7 7,583.3 45,833.3
Oct-99 1.18 35.87 0.42 -- 210.2 90.0 -- --
Nov-99 1.13 24.70 0.28 -- 176.3 82.2 -- --
Dec-99 1.15 16.67 0.19 -- 219.4 83.2 8,410.0 109,933.3
Jan-00 1.15 18.17 0.21 -- 105.7 116.2 -- --
Feb-00 1.20 25.00 0.30 -- 252.3 92.0 -- --
Mar-00 1.13 18.67 0.21 -- 185.0 124.9 -- --

4 Apr-99 1.95 67.00 1.31 -- 903.4 912.1 -- --
May-99 1.80 68.33 1.23 -- 927.3 794.9 17.6 1,993.3
Jun-99 1.69 78.17 1.32 3.25 902.3 764.8 -- --
Jul-99 1.68 51.67 0.82 -- 967.0 870.8 -- --
Aug-99 1.77 74.17 1.31 -- 1,050.8 943.4 -- --
Sep-99 1.91 81.08 1.55 -- 1,031.2 903.4 67.6 2,648.3
Oct-99 1.82 68.30 1.26 -- 1,021.6 975.5 -- --
Nov-99 1.94 72.67 1.41 -- 1,184.3 1115.7 -- --
Dec-99 1.90 76.17 1.44 -- 1,263.0 1194.4 50.0 3,700.0
Jan-00 2.03 80.67 1.64 -- 951.0 962.6 -- --
Feb-00 2.00 67.67 1.35 -- 1,008.9 1001.7 -- --
Mar-00 2.02 68.67 1.39 -- 960.0 1039.4 -- --

5 Apr-99 1.90 65.33 1.24 -- 999.7 973.5 -- --
May-99 1.86 72.67 1.35 -- 970.8 840.4 21.7 2,045.3
Jun-99 1.85 67.33 1.25 -- 960.4 907.1 -- --
Jul-99 1.82 56.33 1.02 -- 981.0 889.8 -- --
Aug-99 1.73 64.50 1.15 -- 833.2 752.7 -- --
Sep-99 1.88 74.33 1.40 -- 859.8 746.2 110.0 3,666.7
Oct-99 1.81 59.23 1.08 -- 1,081.4 965.7 -- --
Nov-99 1.94 73.87 1.43 -- 1,057.2 996.0 -- --
Dec-99 1.96 66.00 1.29 -- 998.7 1084.2 53.8 4,740.0
Jan-00 2.03 73.67 1.50 -- 991.5 973.4 -- --
Feb-00 2.03 62.00 1.26 -- 1,045.2 965.9 -- --
Mar-00 2.07 70.00 1.45 -- 1,088.8 1160.2 -- --

6 Apr-99 1.80 72.67 1.31 -- 1,001.2 878.5 21.9 1,217.7
May-99 1.86 75.00 1.39 -- 934.7 901.3 -- --
Jun-99 1.79 74.77 1.34 -- 922.4 864.4 -- --
Jul-99 1.84 74.33 1.37 -- 1,018.9 974.2 -- --
Aug-99 1.88 75.93 1.42 -- 917.2 849.4 195.3 3,503.3
Sep-99 1.86 76.23 1.42 -- 1,002.8 994.3 -- --
Oct-99 1.97 73.90 1.46 -- 1,145.3 1147.1 -- --
Nov-99 1.92 77.33 1.49 -- 991.7 1166.0 53.7 3,316.7
Dec-99 1.97 77.83 1.53 -- 922.9 947.8 -- --
Jan-00 1.97 79.33 1.56 -- 945.9 873.9 -- --
Feb-00 2.13 72.67 1.55 -- 994.8 1102.9 -- --
Mar-00 1.86 77.00 1.43 -- 16.6 13.1 -- --
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Exhibit C-17
Period-of-Record, Quarterly, and Monthly Summaries of Sediment Data for the Porta-PSTA Treatments, April 1999 - March 2000

Density Solids Bulk Den Vol Solids TP TIP TKN TOC
Treatment Date (g/cm3) (%) (g/cm3) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

7 Apr-99 1.80 77.00 1.39 -- 12.1 7.9 5.0 33.6
May-99 1.86 70.00 1.30 1.00 31.9 22.1 -- --
Jun-99 1.76 67.00 1.18 -- 23.8 12.8 -- --
Jul-99 1.70 78.00 1.33 -- 23.9 14.9 -- --
Aug-99 1.81 78.80 1.43 -- 47.6 31.1 64.0 2,490.0
Sep-99 1.78 68.00 1.21 -- 17.2 2.8 -- --
Oct-99 1.84 77.00 1.42 -- 54.4 12.9 -- --
Nov-99 1.87 78.00 1.46 -- 38.0 4.0 5.0 1,700.0
Dec-99 2.00 80.00 1.60 -- 28.1 10.2 -- --
Jan-00 1.80 68.00 1.22 -- 32.1 19.6 -- --
Feb-00 2.00 73.00 1.46 -- 20.0 11.2 -- --
Mar-00 1.86 70.00 1.30 -- 19.7 16.1 -- --

8 Apr-99 1.59 56.50 0.90 -- 11.2 7.0 2.0 3,875.0
May-99 1.84 81.40 1.50 0.00 20.7 13.4 -- --
Jun-99 1.36 51.00 0.69 -- 12.0 13.0 -- --
Jul-99 1.75 79.00 1.38 -- 21.3 13.3 -- --
Aug-99 1.87 78.40 1.47 -- 46.9 31.8 510.0 2,200.0
Sep-99 1.87 75.10 1.40 -- 26.6 2.8 -- --
Oct-99 1.82 69.80 1.27 -- 18.9 12.4 -- --
Nov-99 1.85 74.00 1.37 -- 36.8 4.7 11.8 659.0
Dec-99 -- -- -- -- -- -- -- --
Jan-00 -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- --

9 Apr-99 1.08 24.00 0.26 -- 206.3 104.7 -- --
May-99 1.15 28.00 0.32 -- 182.5 94.2 2,300.0 69,700.0
Jun-99 1.11 27.30 0.30 42.50 203.6 90.4 -- --
Jul-99 1.04 13.10 0.14 -- 127.7 97.1 -- --
Aug-99 1.07 24.10 0.26 -- 246.6 130.7 -- --
Sep-99 1.19 31.00 0.37 -- 205.7 110.0 4,600.0 45,000.0
Oct-99 1.12 35.45 0.40 -- 216.3 103.9 -- --
Nov-99 1.13 19.30 0.22 -- 337.6 197.9 -- --
Dec-99 1.11 32.00 0.36 -- 203.0 111.0 6,150.0 95,700.0
Jan-00 1.30 21.00 0.27 -- 108.4 156.2 -- --
Feb-00 1.20 24.50 0.29 -- 232.9 73.2 -- --
Mar-00 1.40 26.00 0.36 -- 197.5 120.3 -- --

10 Apr-99 1.94 66.00 1.28 -- 1,060.0 987.3 -- --
May-99 1.86 77.00 1.43 -- 918.1 823.7 19.4 1,850.0
Jun-99 1.84 63.90 1.18 2.00 1,025.2 892.7 -- --
Jul-99 1.88 74.00 1.39 -- 1,098.9 965.6 -- --
Aug-99 1.80 78.00 1.40 -- 1,038.6 946.6 -- --
Sep-99 1.93 81.00 1.56 -- 1,007.7 951.9 105.0 2,870.0
Oct-99 1.86 72.70 1.35 -- 971.7 950.1 -- --
Nov-99 1.87 74.80 1.40 -- 553.7 597.0 -- --
Dec-99 1.92 76.00 1.46 -- 784.8 1067.9 59.0 3,900.0
Jan-00 2.10 75.00 1.58 -- 1,026.9 1030.0 -- --
Feb-00 2.00 70.00 1.40 -- 724.8 816.2 -- --
Mar-00 2.10 69.00 1.45 -- 1,079.8 1150.3 -- --

11 Apr-99 1.88 72.00 1.35 -- 972.9 968.6 -- --
May-99 1.75 78.00 1.37 -- 969.2 991.3 34.5 26,000.0
Jun-99 1.85 76.90 1.42 4.40 897.1 841.1 -- --
Jul-99 1.84 82.00 1.51 -- 887.3 785.4 -- --
Aug-99 1.87 77.00 1.44 -- 828.5 913.7 -- --
Sep-99 1.91 79.30 1.51 -- 901.6 776.0 48.0 2,600.0
Oct-99 1.93 72.40 1.40 -- 934.8 860.4 -- --
Nov-99 1.88 79.00 1.49 -- 1,013.0 1016.6 -- --
Dec-99 1.90 74.00 1.41 -- 1,280.9 1192.0 52.8 3,720.0
Jan-00 2.10 72.00 1.51 -- 956.0 959.8 -- --
Feb-00 2.00 67.00 1.34 -- 1,021.7 1048.6 -- --
Mar-00 1.90 56.00 1.06 -- 904.8 930.6 -- --

12 Apr-99 1.13 29.50 0.33 -- 224.6 142.7 -- --
May-99 1.14 39.00 0.44 -- 184.3 93.5 5,410.0 34,200.0
Jun-99 1.05 19.00 0.20 65.10 207.9 121.8 -- --
Jul-99 1.15 29.65 0.34 -- 158.0 143.6 -- --
Aug-99 1.08 32.30 0.35 -- 212.4 138.2 -- --
Sep-99 1.16 21.90 0.25 -- 200.8 97.5 6,700.0 58,000.0
Oct-99 1.17 30.30 0.35 -- 225.6 123.6 -- --
Nov-99 1.16 10.30 0.12 -- 142.7 92.0 -- --
Dec-99 1.23 28.00 0.34 -- 268.3 108.5 7,965.0 84,400.0
Jan-00 1.10 7.60 0.08 -- 85.2 102.5 -- --
Feb-00 1.20 24.00 0.29 -- 204.2 113.5 -- --
Mar-00 1.10 12.00 0.13 -- 227.1 118.0 -- --
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Exhibit C-18
Daily Average Temperatures in the Air, Water and Sediments of the Porta-PSTA Treatments, April 1999 - March 2000
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EXHIBIT C-19

Non-Reactive Phosphorus Data Summary for Porta-PSTA Sediments, April 1999- March 2000

Moisture TP NaHCO3 Pi NaHCO3TP Labile Po HClPi
Alkali Hydrolyz 
Po (NaOH TP) Residual Po

Treatmemt Soil Date % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
1 PE 6/21/99 -- 205.0 5.08 20.13 15.05 71.5 18.7 40.1
1 PE 6/21/99 -- 185.5 3.87 10.64 6.77 63.0 8.7 34.4
1 PE 9/29/99 68.04 218.8 5.53 13.50 7.97 67.2 0.4 47.7
1 PE 12/15/99 68.7 138.3 3.04 11.09 8.05 95.8 -3.87 51.86
1 PE 3/15/00 67.3 204.0 1.34 12.07 10.73 80.0 9.2 43.0
2 SR 6/21/99 -- 937.2 3.97 6.74 2.76 1007.8 -15.1 45.5
2 SR 9/29/99 27.32 859.5 2.50 3.76 1.27 825.3 -2.7 37.4
2 SR 12/14/99 22.2 793.0 2.10 1.97 -0.13 839.6 -26.63 47.14
2 SR 3/14/00 22.4 769.9 2.97 5.28 2.30 876.5 -27.7 34.7
3 PE 6/21/99 -- 253.7 5.26 14.99 9.74 80.8 9.8 45.3
3 PE 9/29/99 77.47 221.1 5.58 20.05 14.47 86.1 -4.4 67.2
3 PE 12/15/99 73.7 226.4 1.13 18.79 17.66 114.5 -2.22 68.69
3 PE 3/15/00 71.1 216.1 3.48 12.30 8.81 86.6 8.0 49.8
4 SR 6/21/99 -- 787.1 4.36 4.91 0.55 1026.8 -0.2 48.3
4 SR 9/20/99 26.09 623.8 3.70 3.51 -0.19 772.3 5.6 40.2
4 SR 12/13/99 21.2 925.1 2.37 2.45 0.09 1022.3 -24.25 41.94
4 SR 12/13/99 20.7 915.0 2.32 2.77 0.45 914.0 -28.16 28.71
4 SR 3/13/00 20.1 783.3 3.32 4.58 1.26 1004.9 -35.5 45.8
4 SR 3/13/00 19.4 961.5 2.62 4.76 2.14 1028.9 -32.4 45.1
5 SR 9/29/99 29.42 783.6 1.11 4.12 3.00 933.3 -3.4 42.9
5 SR 12/14/99 21.5 1232.0 2.54 1.77 -0.77 1041.5 -35.82 35.40
5 SR 3/14/00 20.6 1043.0 2.93 6.59 3.66 1020.3 -34.1 28.7
6 SR 9/20/99 27.10 779.8 0.60 4.08 3.48 698.8 16.7 61.9
6 SR 12/13/99 20.3 953.1 2.61 2.45 -0.15 1054.3 -34.22 42.00
6 SR 3/13/00 21.6 784.0 2.48 4.86 2.38 987.8 -30.9 46.1
7 SA 6/23/99 -- 11.9 2.54 1.79 -0.75 4.0 1.9 7.2
7 SA 9/20/99 14.40 36.6 1.87 2.08 0.21 6.0 0.7 7.0
7 SA 12/13/99 23.1 37.8 1.06 1.40 0.34 1.6 1.60 37.11
7 SA 3/13/00 21.7 24.9 1.36 2.33 0.96 5.7 1.7 7.6
8 SA 6/23/99 -- 12.2 2.66 8.78 6.12 3.7 5.7 5.5
8 SA 9/29/99 24.30 28.0 0.28 2.10 1.82 6.6 0.5 6.0
8 SA 12/14/99 26.6 25.6 1.18 1.37 0.19 1.5 1.83 6.60
8 SA 12/14/99 25.8 27.6 0.23 1.62 1.39 -0.1 0.87 2.50
8 SA 3/14/00 22.0 25.0 1.27 3.11 1.84 5.6 1.4 5.3
9 PE 6/23/99 -- 221.3 4.62 11.11 6.50 61.4 23.7 23.5
9 PE 9/29/99 65.57 263.7 8.25 15.94 7.69 95.0 -5.0 50.8
9 PE 12/15/99 70.2 180.6 4.07 12.70 8.62 77.8 4.54 66.08
9 PE 3/15/00 70.6 227.9 7.61 16.24 8.63 107.2 1.8 73.5

10 SR 6/23/99 -- 937.8 3.88 6.05 2.17 929.8 -0.2 38.5
10 SR 9/20/99 24.98 948.4 3.87 3.82 -0.05 857.6 -1.2 47.6
10 SR 9/20/99 23.65 863.0 3.22 4.32 1.10 943.3 -3.4 47.9
10 SR 12/13/99 24.6 953.1 2.75 2.04 -0.71 999.9 -38.40 37.41
10 SR 3/13/00 21.8 1171.8 3.98 5.59 1.61 1106.8 -36.6 45.2
11 SR 6/23/99 -- 1033.8 2.96 3.55 0.59 896.2 -5.6 45.6
11 SR 9/29/99 35.32 899.6 3.95 4.96 1.00 1121.2 -14.5 43.8
11 SR 9/29/99 20.71 948.4 3.84 3.79 -0.05 927.6 3.1 41.2
11 SR 12/14/99 21.7 994.0 2.52 2.52 -0.01 1070.1 -37.86 37.34
11 SR 3/14/00 24.5 968.7 1.90 6.56 4.66 834.2 -23.3 8.9
12 PE 6/23/99 -- 186.4 6.05 16.87 10.82 95.5 18.1 39.5
12 PE 9/29/99 76.86 292.9 6.69 20.46 13.77 151.4 -3.1 64.3
12 PE 9/29/99 67.80 194.6 4.74 16.39 11.65 116.7 -4.5 53.8
12 PE 12/15/99 59.8 73.0 2.91 7.16 4.25 106.0 -5.53 40.14
12 PE 12/15/99 62.0 175.3 3.53 7.34 3.80 136.7 -9.10 52.83
12 PE 3/15/00 76.4 261.1 3.48 16.82 13.34 110.9 4.9 71.7
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C.7.4 Nitrogen
TKN was sampled quarterly from the Porta-PSTAs. The sandy soils of Treatments 7 and 8
exhibited long-term average TKN concentrations varying from 25 to 175 mg/kg. Shellrock
treatments 2, 4, 5, 6, 10, and 11 also had low long-term average TKN concentrations, ranging
from 45 to 90 mg/kg. In contrast to the sand and shellrock soils, peat soils in Treatments 1,
3, 9, and 12 displayed greater long-term average TKN measurements, ranging from 4,350 to
8,664 mg/kg.

C.7.5 Total Organic Carbon
TOC was sampled quarterly from the Porta-PSTAs. The sandy soils of Treatments 7 and 8
exhibited average TOC concentrations varying from 1,408 to 2,245 mg/kg. Treatments 2, 4,
5, 6, 10, and 11 (shellrock) had average TOC concentrations that ranged from 2,873 to
10,773 mg/kg. In comparison to the mineral soils, the peat soils of Treatments 1, 3, 9, and 12
exhibited the greatest average TOC, varying from 58,867 to 75,400 mg/kg.

C.7.6 Accretion Rates
Sediment traps were used in the Porta-PSTAs to measure sediment accretion rates during
Phase 1 and were deployed during the following two monitoring periods: July 1999 to
October 1999 and November 1999 to February 2000. These data are summarized in Exhibit
C-20.

C.8 Biological Analyses
Algal and macrophytic plant communities are being monitored in the Porta-PSTAs. The
indices chosen for these studies are intended to characterize changes over time and to
contrast the effects of experimental treatments. Measured parameters include percent cover,
macrophyte stem counts, biomass, species composition, algal cell counts and biovolumes,
chlorophyll, and nutrient content with an emphasis on phosphorus. In addition to these
population-level studies, ecosystem-level response is being estimated using DO dynamics as
an indicator of community metabolism.

C.8.1 Plant Cover and Macrophyte Stem Counts
Plant cover in the Porta-PSTAs is estimated visually on a monthly basis. The method is the
same as described in Appendix B.8.1. Cover is estimated in three zones demarcated by the
transverse reinforcement straps that cross each mesocosm. Values from these three zones
are averaged to provide an estimate of cover for each mesocosom. Exhibit C-21 summarizes
the plant cover estimates for the Porta-PSTAs for Phase 1.

In Phase 1, blue-green algal mat dominated Treatments 4, 6, 7, and 11, all of which have
shallow or variable depths and shellrock or sand soils. Average algal mat cover in these
treatments during Phase 1 ranged from 5 to 26 percent. Macrophyte cover in these
treatments averaged between 2 and 8 percent, and is primarily spikerush. Deep shellrock
treatments (Treatments 2 and 5) had less than 5 percent algal mat cover in Phase 1 and 7 to
9 percent macrophyte cover.



EXHIBIT C-20
Porta-PSTA Sediment Trap Data, July - October 1999 and November 1999 - February 2000 

Tank Soil Treat Date Installed Date Collected PSTA #
Sediment 

Volume (ml) # Days

Wet 
Accretion 
(ml/m2/y)

Dry 
Accretion 
(g/m2/y)

TP Accretion 
(g/m2/y)

Wet Bulk 
Density 
(g/cm3)

Dry Bulk 
Density 
(g/cm3)

Wet 
Weight 

(g)
Dry Weight 

(g)
Moisture 

Content (%)
TP 

(mg/kg) Ash (%)
9 peat 1 07/26/1999 10/07/1999 3129 36 73 11688 584 0.292 ND ND ND ND ND ND ND
9 peat 1 07/26/1999 10/07/1999 3130 42 73 13636 682 0.341 ND ND ND ND ND ND ND
9 peat 1 07/23/1999 11/08/1999 3592 53 108 11631 198 0.080 0.922 0.017 48.85 0.9 98.2 404.9 43.3
9 peat 1 11/08/1999 02/17/2000 5387 54 101 12672 317 0.153 1.021 0.025 55.13 1.35 97.6 481.8 47.0
11 peat 1 07/23/1999 11/08/1999 3593 48 108 10534 483 0.234 0.924 0.046 44.35 2.2 95 484.8 38
11 peat 1 11/08/1999 02/17/2000 5389 18 101 4224 171 0.068 1.122 0.041 20.2 0.73 96.4 394.5 40.2
12 peat 3 07/23/1999 10/28/1999 3580 16 97 3909 98 0.060 0.701 0.025 11.22 0.4 96.8 618.7 32.7
12 peat 3 10/28/1999 02/17/2000 5390 20 112 4232 129 0.058 1.041 0.030 20.81 0.61 97.1 451.7 28.5
14 peat 3 07/23/1999 10/26/1999 3579 4.7 95 1173 25 0.012 1.000 0.021 4.7 0.1 97.4 ND 30.2
14 peat 3 07/23/1999 10/28/1999 3575 6 97 1466 24 0.015 0.390 0.017 2.34 0.1 94.9 622.6 ND
14 peat 3 10/28/1999 02/17/2000 5392 38 112 8042 269 0.148 1.022 0.033 38.82 1.27 96.7 551.7 44.1
17 peat 3 07/23/1999 11/08/1999 3596 100 108 21946 417 0.309 1.194 0.019 119.44 1.9 98.4 742 32.8
17 peat 3 11/08/1999 02/17/2000 5395 24 101 5632 120 0.088 1.034 0.021 24.82 0.51 97.9 738.1 30.1
18 peat 1 07/23/1999 11/11/1999 3597 36 111 7687 512 0.274 0.920 0.067 33.11 2.4 92.6 535 41.5
18 peat 1 11/11/1999 02/17/2000 5396 18 98 4353 172 0.103 1.079 0.039 19.42 0.71 96.3 600.1 45.9
21 peat 9 07/23/1999 11/11/1999 3600 16 111 3416 214 0.139 0.913 0.063 14.61 1 93.5 653 49.9
21 peat 9 11/11/1999 02/17/2000 5399 26 98 6288 220 0.195 1.083 0.035 28.16 0.91 96.8 886.7 43.6
24 peat 12 07/23/1999 10/28/1999 3581 38 97 9285 269 0.121 1.003 0.029 38.13 1.1 97 451.9 27.7
24 peat 12 07/23/1999 10/28/1999 3582 22 97 5376 49 0.041 0.922 0.009 20.29 0.2 99.2 843.9 ND
24 peat 12 10/28/1999 02/17/2000 5403 28 112 5925 83 0.037 1.075 0.014 30.11 0.39 98.7 448.4 27.6
24 peat 12 10/28/1999 02/17/2000 5404 48 112 10158 44 0.082 0.304 0.004 14.6 0.21 98.6 1844.9 NS
19 sand 7 07/23/1999 11/11/1999 3598 100 111 21353 3480 0.118 0.983 0.163 98.31 16.3 83.4 34 96.9
19 sand 7 11/11/1999 02/17/2000 5397 34 98 8223 235 0.001 1.084 0.029 36.85 0.97 97.4 3.7 70.1
20 sand 8 07/23/1999 11/11/1999 3599 6.5 111 1388 43 0.025 0.777 0.031 5.05 0.2 95.6 579.2 67.3
20 sand 8 11/11/1999 02/17/2000 5398 7 98 1693 92 0.030 0.969 0.054 6.78 0.38 94.4 328.8 88.2
1 shell 6 07/23/1999 11/01/1999 3583 72 101 16896 1596 1.147 0.689 0.094 49.6 6.8 86.3 718.7 85.5
1 shell 6 11/01/1999 02/17/2000 5379 11.5 108 2524 195 0.254 0.984 0.077 11.32 0.89 92.1 1300.9 71.6
2 shell 5 07/23/1999 11/01/1999 3584 82 101 19243 375 0.178 0.636 0.020 52.13 1.6 96.9 473.1 65.6
2 shell 5 11/01/1999 02/17/2000 5380 70 108 15362 516 0.712 0.883 0.034 61.84 2.35 96.2 1380.5 68.6
3 shell 4 07/23/1999 10/26/1999 3576 250 95 62372 5613 3.640 0.923 0.090 230.8 22.5 90.3 648.5 83.6
3 shell 4 10/26/1999 02/17/2000 5381 50 114 10395 840 1.229 0.877 0.081 43.84 4.04 90.8 1463.2 81.2
4 shell 2 07/23/1999 11/04/1999 3587 90 104 20511 638 0.230 0.988 0.031 88.95 2.8 96.8 360.8 71.6
4 shell 2 11/08/1999 02/17/2000 5382 9 101 2112 120 0.175 0.953 0.057 8.58 0.51 94.1 1459.5 65.8
5 shell 4 07/23/1999 10/26/1999 3577 170 95 42413 7709 5.450 1.008 0.182 171.4 30.9 82 707 92.8
5 shell 4 10/26/1999 02/17/2000 5383 290 114 60293 8124 6.787 0.980 0.135 284.12 39.08 86.2 835.4 89.3
6 shell 6 07/23/1999 11/04/1999 3588 22 104 5014 296 0.166 0.856 0.059 18.84 1.3 92.9 561.1 66.6
6 shell 6 11/08/1999 02/17/2000 5384 7 101 1643 195 0.178 1.054 0.119 7.38 0.83 88.8 914.1 72.7
7 shell 2 07/23/1999 11/08/1999 3590 210 108 46086 966 0.293 0.532 0.021 111.8 4.4 96 303.4 70.1
7 shell 2 11/08/1999 02/17/2000 5385 18 101 4224 141 0.071 0.955 0.033 17.19 0.6 96.5 504.3 56.2
8 shell 2 07/26/1999 10/07/1999 3127 42 73 13636 682 0.341 ND ND ND ND ND ND ND
8 shell 2 07/26/1999 10/07/1999 3128 42 73 13636 682 0.341 ND ND ND ND ND ND ND
8 shell 2 07/23/1999 11/08/1999 3591 60 108 13167 549 0.216 0.981 0.042 58.83 2.5 95.7 393.1 60.7
8 shell 2 11/08/1999 02/17/2000 5386 14 101 3285 169 0.093 0.904 0.051 12.66 0.72 94.3 552.0 61.3
10 shell 4 07/23/1999 10/26/1999 3578 190 95 47403 1397 0.552 0.651 0.029 123.6 5.6 95.5 395.2 74.7
10 shell 4 10/26/1999 02/17/2000 5388 96 114 19959 1694 1.132 0.951 0.085 91.34 8.15 91.1 668.2 84.9
13 shell 5 07/23/1999 11/08/1999 3594 29 108 6364 351 0.187 0.987 0.055 28.62 1.6 94.4 531.5 64.9
13 shell 5 11/08/1999 02/17/2000 5391 18 101 4224 242 0.207 1.027 0.057 18.48 1.03 94.4 855.9 59.3
15 shell 6 07/23/1999 11/04/1999 3589 100 104 22790 752 0.259 0.718 0.033 71.79 3.3 95.3 344.4 70
15 shell 6 11/08/1999 02/17/2000 5393 32 101 7509 277 0.141 0.879 0.037 28.14 1.18 95.8 508.1 63.0
16 shell 5 07/23/1999 11/08/1999 3595 130 108 28529 988 0.282 0.848 0.035 110.26 4.5 95.9 285.9 65.7
16 shell 5 11/08/1999 02/17/2000 5394 56 101 13141 598 0.358 1.026 0.046 57.46 2.55 95.6 598.6 62.5
22 shell 10 07/23/1999 11/11/1999 3601 56 111 11957 235 0.213 0.641 0.020 35.91 1.1 96.9 904.9 74.8
22 shell 10 11/11/1999 02/17/2000 5400 74 98 17897 203 0.185 0.587 0.011 43.47 0.84 98.1 911.9 65.3
23 shell 11 07/23/1999 11/01/1999 3585 270 101 63360 4529 3.963 0.916 0.071 247.36 19.3 92.2 875 86.7
23 shell 11 07/23/1999 11/01/1999 3586 205 101 48107 1830 1.134 0.146 0.038 30.02 7.8 74.1 619.4 85.3
23 shell 11 11/01/1999 02/17/2000 5401 26 108 5706 239 0.064 1.029 0.042 26.76 1.09 95.9 267.3 67.4
23 shell 11 11/01/1999 02/17/2000 5402 28 108 6145 715 0.328 1.728 0.116 48.38 3.26 93.3 459.2 91.3

Notes:
Sample Area = 154 cm2 (14.0 cm diameter)
ND = not determined
Assume BD = 0.05 g/cm3 when not determined
Assume TP = 0.05% when not determined

= estimated (no notes)
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Exhibit C-21

Treatment Date

Blue-
Green 
Algal 
Mat

Green 
Algal 
Mat

Emergent 
Macrophytes

Floating 
Aquatic 
Plants

Submerged 
Aquatic Plants

Algal Mat 
% Cover

Macrophyte % 
Cover

Total % 
Cover

No. Stems/ 
m2

Period of Record
1 1999 - 2000 4% 4% 11% 0% 12% 7% 22% 30% 40.09
2 1999 - 2000 3% 0% 3% 0% 7% 3% 9% 12% 4.79
3 1999 - 2000 3% 2% 45% 0% 3% 5% 48% 52% 203.32
4 1999 - 2000 26% 0% 4% 0% 1% 26% 6% 32% 20.57
5 1999 - 2000 1% 1% 6% 0% 0% 2% 7% 9% 21.60
6 1999 - 2000 5% 0% 3% 0% 5% 5% 8% 14% 13.45
7 1999 - 2000 14% 1% 1% 0% 0% 15% 2% 17% 3.81
8 1999 - 2000 2% 0% 1% 0% 1% 2% 2% 4% 1.33
9 1999 - 2000 0% 1% 0% 0% 0% 1% 1% 2% 0.00

10 1999 - 2000 1% 0% 0% 0% 2% 2% 2% 3% 0.00
11 1999 - 2000 18% 0% 5% 0% 0% 18% 5% 23% 27.27
12 1999 - 2000 0% 0% 54% 0% 2% 0% 56% 56% 221.42

Quarterly
1 Qtr-3 0% 0% 1% 0% 3% 0% 4% 4% 3.83

Qtr-4 0% 0% 3% 0% 4% 0% 7% 7% 3.82
Qtr-5 2% 9% 14% 0% 22% 7% 32% 39% 72.57
Qtr-6 16% 10% 27% 0% 20% 26% 47% 73% 94.14
Qtr-7 -- -- -- -- -- -- -- -- --

2 Qtr-3 0% 0% 1% 0% 3% 0% 4% 4% 1.42
Qtr-4 0% 0% 1% 0% 1% 0% 2% 3% 1.37
Qtr-5 5% 0% 3% 0% 8% 5% 11% 16% 7.03
Qtr-6 4% 0% 4% 0% 16% 4% 20% 25% 10.39
Qtr-7 -- -- -- -- -- -- -- -- --

3 Qtr-3 1% 0% 6% 0% 5% 1% 11% 12% 6.06
Qtr-4 2% 2% 24% 0% 3% 4% 26% 30% 87.88
Qtr-5 3% 5% 67% 0% 2% 8% 69% 77% 360.50
Qtr-6 5% 1% 66% 1% 3% 6% 70% 76% 259.83
Qtr-7 3% 1% 51% 0% 2% 4% 53% 57% 348.64

4 Qtr-3 2% 0% 2% 0% 5% 2% 7% 8% 0.67
Qtr-4 4% 0% 2% 0% 0% 5% 2% 7% 4.04
Qtr-5 33% 0% 6% 0% 1% 33% 7% 40% 22.62
Qtr-6 53% 1% 7% 0% 1% 54% 9% 63% 38.80
Qtr-7 15% 0% 3% 0% 1% 15% 4% 20% 40.75

5 Qtr-3 4% 0% 1% 0% 2% 4% 3% 8% 2.67
Qtr-4 0% 0% 1% 0% 1% 1% 2% 3% 3.20
Qtr-5 2% 0% 6% 0% 0% 1% 6% 8% 23.13
Qtr-6 1% 1% 13% 0% 0% 2% 13% 15% 45.76
Qtr-7 2% 6% 9% 0% 0% 8% 9% 17% 41.36

6 Qtr-3 2% 0% 3% 0% 2% 2% 5% 7% 0.44
Qtr-4 4% 0% 2% 0% 1% 4% 2% 6% 1.94
Qtr-5 8% 0% 2% 0% 1% 8% 3% 11% 11.22
Qtr-6 4% 0% 6% 0% 11% 4% 16% 21% 23.38
Qtr-7 8% 0% 4% 0% 14% 8% 18% 26% 52.04

7 Qtr-3 1% 0% 1% 0% 3% 1% 4% 5% 1.50
Qtr-4 8% 0% 1% 0% 0% 8% 1% 9% 0.53
Qtr-5 27% 1% 1% 0% 0% 28% 1% 29% 2.08
Qtr-6 21% 3% 2% 0% 0% 23% 2% 25% 7.00
Qtr-7 4% 3% 3% 0% 0% 7% 3% 10% 11.83

8 Qtr-3 1% 0% 1% 0% 3% 1% 4% 5% 1.50
Qtr-4 3% 0% 1% 0% 1% 4% 2% 6% 0.57
Qtr-5 2% 0% 1% 0% 0% 2% 1% 3% 1.33
Qtr-6 0% 0% 2% 0% 0% 1% 2% 2% 3.17
Qtr-7 -- -- -- -- -- -- -- -- --

9 Qtr-3 0% 0% 0% 0% 0% 0% 0% 0% 0.00
Qtr-4 0% 0% 0% 0% 1% 0% 1% 1% 0.00
Qtr-5 0% 2% 0% 0% 0% 2% 0% 2% 0.00
Qtr-6 0% 1% 0% 1% 0% 1% 1% 2% 0.00
Qtr-7 0% 3% 0% 0% 0% 3% 0% 3% 0.00

10 Qtr-3 0% 0% 0% 0% 0% 0% 0% 0% 0.00
Qtr-4 0% 0% 1% 0% 0% 0% 1% 1% 0.00
Qtr-5 0% 1% 0% 0% 0% 1% 0% 1% 0.00
Qtr-6 2% 1% 0% 0% 1% 2% 2% 4% 0.00
Qtr-7 4% 0% 0% 0% 6% 4% 6% 10% 0.00

11 Qtr-3 2% 0% 3% 0% 0% 2% 3% 5% 1.00
Qtr-4 7% 0% 3% 0% 0% 7% 3% 10% 2.74
Qtr-5 30% 0% 8% 0% 0% 30% 8% 37% 18.43
Qtr-6 33% 1% 8% 0% 0% 34% 8% 42% 46.76
Qtr-7 7% 1% 3% 0% 0% 7% 3% 10% 85.78

12 Qtr-3 0% 0% 8% 0% 18% 0% 25% 25% 4.44
Qtr-4 0% 0% 25% 0% 1% 0% 26% 26% 55.53
Qtr-5 0% 1% 86% 0% 0% 1% 86% 87% 555.56
Qtr-6 0% 1% 77% 0% 0% 1% 77% 78% 361.96
Qtr-7 0% 0% 54% 0% 0% 0% 54% 54% 296.50

Period-of-Record, Quarterly, and Monthly Summaries of Algae and Macrophyte Percent Cover and Stem Count Estimates in the Porta-PSTA Treatments, April 1999 - March 2000

DFB/exc.xls Page 1 of 3



Exhibit C-21

Treatment Date

Blue-
Green 
Algal 
Mat

Green 
Algal 
Mat

Emergent 
Macrophytes

Floating 
Aquatic 
Plants

Submerged 
Aquatic Plants

Algal Mat 
% Cover

Macrophyte % 
Cover

Total % 
Cover

No. Stems/ 
m2

Period-of-Record, Quarterly, and Monthly Summaries of Algae and Macrophyte Percent Cover and Stem Count Estimates in the Porta-PSTA Treatments, April 1999 - March 2000

Monthly
1 Apr-99 0% 0% 1% 0% 3% 0% 4% 4% 3.83

May-99 0% 0% 2% 0% 1% 0% 4% 4% 0.33
Jun-99 0% 0% 2% 0% 3% 0% 5% 5% 2.03
Jul-99 0% 0% 4% 0% 6% 0% 9% 10% 7.36
Aug-99 0% 0% 8% 0% 12% 1% 20% 21% 23.75
Sep-99 -- -- -- -- 38% 0% 38% 38% --
Oct-99 3% 17% 21% 0% 18% 20% 39% 59% 170.22
Nov-99 20% 21% 35% 0% 24% 41% 59% 100% 127.78
Dec-99 12% 0% 20% 0% 15% 12% 36% 47% 60.50
Jan-00 -- -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- -- --

2 Apr-99 0% 0% 1% 0% 3% 0% 4% 4% 1.42
May-99 0% 0% 2% 0% 1% 0% 3% 3% 0.72
Jun-99 0% 0% 2% 0% 0% 0% 3% 3% 1.03
Jul-99 1% 0% 1% 0% 1% 1% 1% 2% 2.03
Aug-99 3% 0% 1% 0% 1% 3% 2% 5% 4.36
Sep-99 5% 0% 6% 0% 10% 5% 16% 20% 9.42
Oct-99 6% 0% 3% 0% 12% 6% 15% 21% 10.78
Nov-99 6% 1% 6% 0% 15% 6% 21% 28% 10.28
Dec-99 2% 0% 2% 0% 18% 2% 20% 22% 10.50
Jan-00 -- -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- -- --

3 Apr-99 1% 0% 6% 0% 5% 1% 11% 12% 6.06
May-99 1% 0% 15% 0% 2% 1% 17% 18% 9.11
Jun-99 0% 0% 29% 0% 2% 1% 31% 32% 56.36
Jul-99 4% 3% 26% 0% 3% 7% 29% 35% 158.78
Aug-99 3% 9% 77% 0% 2% 12% 79% 91% 264.44
Oct-99 3% 1% 58% 0% 1% 4% 59% 63% 456.56
Nov-99 8% 3% 91% 2% 8% 11% 100% 111% 369.22
Dec-99 5% 0% 52% 0% 1% 5% 53% 58% 166.83
Jan-00 2% 0% 54% 0% 2% 2% 56% 58% 243.44
Feb-00 4% 0% 51% 0% 3% 4% 54% 58% 443.11
Mar-00 1% 2% 51% 0% 1% 3% 53% 56% 254.17

4 Apr-99 2% 0% 2% 0% 5% 2% 7% 8% 0.67
May-99 1% 0% 2% 0% 1% 1% 3% 4% 0.33
Jun-99 0% 0% 2% 0% 0% 0% 2% 2% 2.61
Jul-99 12% 1% 1% 0% 0% 12% 1% 13% 7.33
Aug-99 26% 0% 2% 0% 0% 26% 2% 28% 12.25
Sep-99 37% 0% 8% 0% 1% 37% 9% 45% 26.58
Oct-99 33% 1% 7% 0% 1% 34% 8% 42% 40.72
Nov-99 63% 2% 14% 1% 1% 65% 16% 80% 39.22
Dec-99 59% 0% 3% 0% 1% 59% 4% 64% 35.61
Jan-00 38% 0% 3% 0% 2% 38% 6% 44% 41.56
Feb-00 23% 0% 3% 0% 1% 23% 3% 27% 37.44
Mar-00 8% 0% 3% 0% 2% 8% 5% 13% 44.06

5 Apr-99 4% 0% 1% 0% 2% 4% 3% 8% 2.67
May-99 1% 0% 2% 0% 2% 1% 4% 4% 1.28
Jun-99 0% 0% 3% 0% 0% 0% 3% 3% 2.22
Jul-99 1% 0% 1% 0% 0% 1% 1% 2% 4.86
Aug-99 1% 0% 2% 0% 0% 1% 2% 3% 13.83
Sep-99 2% 1% 6% 0% 0% 1% 6% 8% 21.83
Oct-99 2% 0% 10% 0% 0% 2% 11% 12% 52.33
Nov-99 1% 0% 13% 0% 0% 2% 14% 15% 35.67
Dec-99 1% 0% 4% 0% 0% 1% 5% 6% 36.78
Jan-00 1% 1% 20% 0% 0% 2% 21% 23% 64.83
Feb-00 2% 3% 15% 0% 0% 5% 15% 19% 39.39
Mar-00 1% 9% 4% 0% 0% 11% 4% 15% 43.33

6 Apr-99 2% 0% 3% 0% 2% 2% 5% 7% 0.44
May-99 2% 0% 2% 0% 1% 2% 2% 4% 0.17
Jun-99 0% 0% 1% 0% 0% 0% 1% 1% 0.86
Jul-99 7% 0% 2% 0% 1% 7% 3% 10% 3.92
Aug-99 22% 0% 2% 0% 1% 22% 3% 25% 8.31
Sep-99 0% 0% 0% 0% 0% 0% 0% 0% 0.00
Oct-99 1% 0% 4% 0% 1% 2% 6% 7% 20.78
Nov-99 3% 0% 7% 0% 10% 3% 17% 21% 18.17
Dec-99 3% 0% 3% 0% 9% 3% 11% 14% 20.72
Jan-00 7% 0% 7% 0% 14% 7% 21% 28% 35.17
Feb-00 6% 0% 4% 0% 15% 6% 20% 26% 50.42
Mar-00 10% 0% 4% 0% 13% 10% 16% 26% 53.67
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Period-of-Record, Quarterly, and Monthly Summaries of Algae and Macrophyte Percent Cover and Stem Count Estimates in the Porta-PSTA Treatments, April 1999 - March 2000

7 Apr-99 1% 0% 1% 0% 3% 1% 4% 5% 1.50
May-99 1% 0% 1% 0% 1% 1% 2% 3% 0.50
Jun-99 0% 0% 0% 0% 0% 0% 0% 0% 0.25
Jul-99 24% 0% 1% 0% 0% 24% 1% 25% 0.83
Aug-99 36% 0% 1% 0% 0% 36% 1% 37% 1.00
Oct-99 19% 1% 1% 0% 0% 20% 1% 21% 4.17
Nov-99 46% 8% 1% 0% 0% 53% 1% 55% 6.67
Dec-99 11% 0% 1% 0% 0% 11% 1% 12% 4.83
Jan-00 6% 0% 2% 0% 0% 6% 2% 8% 9.50
Feb-00 5% 0% 3% 0% 0% 5% 3% 8% 9.67
Mar-00 3% 6% 3% 0% 0% 9% 3% 12% 14.00

8 Apr-99 1% 0% 1% 0% 3% 1% 4% 5% 1.50
May-99 1% 0% 1% 0% 3% 1% 4% 5% 0.33
Jun-99 0% 0% 1% 0% 0% 0% 1% 1% 0.50
Jul-99 9% 1% 1% 0% 0% 10% 1% 11% 0.75
Aug-99 3% 0% 1% 0% 0% 3% 1% 4% 1.00
Oct-99 1% 1% 1% 0% 0% 2% 1% 3% 2.00
Nov-99 0% 0% 2% 0% 0% 1% 2% 2% 2.67
Dec-99 0% 0% 2% 0% 0% 0% 2% 2% 3.67
Jan-00 -- -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- -- --

9 Apr-99 0% 0% 0% 0% 0% 0% 0% 0% 0.00
May-99 0% 0% 0% 0% 0% 0% 0% 0% 0.00
Jun-99 0% 0% 0% 0% 0% 0% 0% 0% 0.00
Jul-99 1% 0% 0% 0% 3% 1% 3% 4% 0.00
Aug-99 0% 1% 0% 0% 0% 1% 0% 1% 0.00
Oct-99 0% 2% 0% 0% 0% 3% 0% 3% 0.00
Nov-99 0% 0% 0% 2% 0% 0% 2% 3% 0.00
Dec-99 0% 0% 0% 0% 1% 1% 1% 2% 0.00
Jan-00 0% 2% 0% 0% 0% 2% 0% 2% 0.00
Feb-00 0% 3% 0% 0% 0% 3% 0% 3% 0.00
Mar-00 0% 3% 0% 0% 0% 3% 0% 3% 0.00

10 Apr-99 0% 0% 0% 0% 0% 0% 0% 0% 0.00
May-99 0% 0% 3% 0% 0% 0% 3% 3% 0.00
Jun-99 0% 0% 0% 0% 0% 0% 0% 0% 0.00
Jul-99 0% 0% 0% 0% 1% 0% 1% 1% 0.00
Aug-99 0% 1% 0% 0% 0% 1% 0% 1% 0.00
Oct-99 1% 1% 0% 0% 0% 2% 0% 2% 0.00
Nov-99 1% 2% 0% 1% 0% 3% 1% 3% 0.00
Dec-99 1% 0% 0% 0% 1% 1% 1% 2% 0.00
Jan-00 2% 0% 0% 0% 3% 2% 3% 5% 0.00
Feb-00 3% 0% 0% 0% 2% 3% 2% 5% 0.00
Mar-00 5% 0% 0% 0% 11% 5% 11% 15% 0.00

11 Apr-99 2% 0% 3% 0% 0% 2% 3% 5% 1.00
May-99 1% 0% 3% 0% 0% 1% 3% 4% 0.28
Jun-99 1% 1% 2% 0% 0% 2% 2% 4% 1.31
Jul-99 18% 0% 3% 0% 0% 18% 3% 21% 5.42
Aug-99 46% 0% 7% 0% 0% 46% 7% 53% 11.28
Oct-99 13% 0% 8% 0% 0% 13% 8% 22% 32.72
Nov-99 38% 3% 18% 0% 0% 40% 18% 58% 50.72
Dec-99 38% 0% 5% 0% 0% 38% 5% 42% 26.33
Jan-00 24% 0% 3% 0% 0% 24% 3% 27% 63.22
Feb-00 11% 0% 3% 0% 0% 11% 3% 14% 135.50
Mar-00 3% 1% 3% 0% 0% 4% 3% 7% 36.06

12 Apr-99 0% 0% 8% 0% 18% 0% 25% 25% 4.44
May-99 0% 0% 8% 0% 1% 0% 9% 9% 7.33
Jun-99 0% 0% 31% 0% 0% 0% 31% 31% 29.61
Jul-99 0% 0% 38% 0% 1% 0% 39% 39% 105.56
Aug-99 0% 0% 93% 0% 0% 0% 93% 93% 555.56
Oct-99 0% 1% 79% 0% 0% 1% 79% 80% --
Nov-99 0% 2% 86% 0% 1% 2% 87% 89% 537.14
Dec-99 0% 0% 83% 0% 0% 0% 83% 83% 104.11
Jan-00 0% 0% 63% 0% 0% 0% 63% 63% 269.44
Feb-00 0% 0% 63% 0% 0% 0% 63% 63% 308.00
Mar-00 0% 0% 46% 0% 0% 0% 46% 46% 285.00
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The highest total plant cover was estimated in the peat soil treatments (Treatments 1, 3, and
12). Average total plant cover in these treatments in Phase 1 was between 30 and 56 percent.
This plant cover was dominated by spikerush in all peat treatments. The greatest plant
cover was measured in the shallow peat mesocosms (52 percent in Treatment 3 and
56 percent in Treatment 12). Stem counts indicated that there were more than 200 stems per
m2 by March 2000 in these tanks.

Lowest plant cover was measured in the Aquashade controls (Treatments 9 and 10) with
algal mat cover averages of 1 and 2 percent, respectively, at the end of Phase 1. There were
no macrophytes in either of these tanks. Macrophytes were not successfully established in
the sand controls.

C.8.2 Periphyton Community
Periphyton cores are collected monthly from the Porta-PSTAs. A single sample is collected
from a randomly selected location in each mesocosm. The methods for sampling are the
same as those described in Appendix B.8.2. As in the Test Cells, it is difficult to sample the
benthic algae in the Porta-PSTAs without incorporating an unwanted and unquantified
amount of soil in the samples. This problem was particularly acute at the beginning of the
project before development of a relatively discrete benthic algal mat. All periphyton data
must be evaluated with this sampling difficulty in mind. All biomass samples include a
component of soil; however, the nature of this soil is very different between the shellrock,
peat, and sand treatments, and the proportion of soil in these samples has declined during
the period of study. Exhibit C-22 summarizes periphyton sample data for the Porta-PSTAs
since the beginning of the study. Exhibit C-23 summarizes NRP data for Porta-PSTA
periphyton samples collected quarterly during Phase 1.

C.8.2.1 Biomass
Biomass numbers must be interpreted in light of the cautions described previously. The peat
soils in Treatments 1, 3, 9, and 12 are highly organic, and their occurrence in samples is
demonstrated by the higher ash-free dry weights recorded for these treatments. In Phase 1,
the average ash-free dry weight in the peat-based treatments was between 309 and 1,035
g/m2. Estimated ash-free dry weight in the shellrock treatments during Phase 1 ranged from
468 to 626 g/m2. Periphyton biomass in the sand treatments averaged between 436 and 475
g/m2. The relatively high biomass estimates in the Aquashade controls may indicate a
substantial microbial growth in these systems. Macrophyte biomass results are provided in
Exhibit C-24.

C.8.2.2 Algae Cell Counts and Biovolumes
Cell counts by algal group are also summarized in Exhibit C-20. Blue-green algae typically
dominate these samples in terms of total cell numbers. During Phase 1, average cell counts
ranged between 5,500 and 41,800 cells x 106/m2 in the peat soil treatments. The shellrock
cells typically had higher cell counts and ranged from 10,300 to 183,000 cells x 106/m2. The
sand treatments had even higher counts with 286,000 to 298,000 cells x 106/m2. The
Aquashade controls had average cell counts between 5,500 and 10,200 cells x 106/m2. Algal
biovolume estimates typically reflect the same trends as cell counts. Algal species diversity
and evenness is similar between all treatments. Detailed summaries of algae cell counts and
biovolumes for the Porta-PSTAs are summarized in Exhibits C-25 and C-26, respectively.



Exhibit C-22
Period-of-Record, Quarterly, and Monthly Summaries of Periphyton Data from the Porta-PSTA Treatments, April 1999 - March 2000

Ca Chl_a (corr) Pheo_a TP TIP TKN Biovolume
Treatment Date Dry Wt Ash Wt AFDW (g/m2) (mg/m2) (mg/m2) (g/m2) (g/m2) (g/m2) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (cm3/m2) Evenness SWDI

Period of Record
1 1999 - 2000 1101.1 565.4 535.3 92.5 66.9 24.5 0.298 0.087 10.59 20,353 10.9 2232.1 14.6 1061.7 4.4 14.9 0.5 23658.4 30.3 7.70 0.726 3.56
2 1999 - 2000 741.2 554.9 188.8 110.0 70.2 3.3 0.313 0.130 1.23 96,525 14.8 4718.2 10.4 1280.5 4.5 21.0 0.6 102537.4 30.0 20.70 0.712 3.48
3 1999 - 2000 732.5 334.3 398.2 68.1 76.4 23.4 0.280 0.069 3.87 41,764 13.5 1780.0 14.2 1118.1 4.6 12.3 0.4 44670.3 32.3 10.68 0.729 3.65
4 1999 - 2000 669.6 552.6 117.1 159.6 79.9 1.2 0.855 0.161 0.99 118,280 13.6 4377.9 10.0 19082.7 3.4 3.7 0.1 141509.0 26.8 24.16 0.680 3.21
5 1999 - 2000 659.9 517.1 142.8 122.3 80.2 6.0 0.430 0.116 1.60 156,715 13.6 5411.3 9.4 16510.7 3.8 7.7 0.5 178859.7 27.2 16.56 0.745 3.53
6 1999 - 2000 588.0 468.2 119.9 113.8 51.6 4.5 0.346 0.136 0.83 183,238 15.5 3605.4 9.8 5164.5 3.8 53.4 0.4 189016.7 29.1 10.30 0.721 3.49
7 1999 - 2000 579.8 436.4 143.4 82.9 139.8 2.3 0.177 0.014 0.73 286,186 16.8 7889.7 10.7 3079.1 4.3 0.0 0.0 297155.2 31.8 31.69 0.720 3.59
8 1999 - 2000 665.0 475.1 189.9 70.4 104.2 6.2 0.135 0.014 1.63 298,395 16.8 3451.2 8.1 5559.4 4.7 55.5 0.3 307443.8 30.6 17.39 0.702 3.44
9 1999 - 2000 1640.5 1034.6 917.8 179.8 96.1 62.7 0.555 0.165 16.07 5,569 2.5 1085.2 15.4 262.6 2.4 48.5 0.8 6960.7 20.3 7.06 0.624 2.73

10 1999 - 2000 713.0 541.6 170.8 123.6 38.9 1.3 0.395 0.242 0.85 10,292 7.8 4546.4 16.5 1099.2 4.3 42.9 0.7 15964.1 29.1 7.83 0.757 3.68
11 1999 - 2000 733.3 625.8 107.5 170.9 77.4 4.5 1.280 0.511 0.67 144,555 12.8 5052.8 8.8 622.7 4.0 9.4 0.5 110535.8 25.8 15.34 0.696 3.24
12 1999 - 2000 679.7 309.0 370.5 61.5 43.2 14.0 0.199 0.063 6.93 17,396 10.0 1249.8 11.9 428.2 3.4 18.9 1.7 19087.4 26.0 2.18 0.635 2.98

Quarterly
1 Qtr-3 613.3 248.1 365.2 106.4 23.6 7.4 0.269 0.092 -- 3589.3 7.0 1204.7 16.5 154.5 5.0 7.8 0.5 4956.2 29.0 3.33 0.669 3.26

Qtr-4 843.3 463.5 379.8 71.9 66.9 26.7 0.225 0.074 8.57 19244.0 10.2 2228.7 18.6 542.1 3.8 21.7 0.7 22036.5 33.2 5.01 0.717 3.61
Qtr-5 1650.9 814.1 836.1 111.1 72.8 30.1 0.419 0.119 16.12 24449.7 12.0 2423.9 11.2 1135.4 4.4 0.0 0.0 28009.1 27.7 5.35 0.736 3.52
Qtr-6 752.2 419.5 332.7 90.1 75.2 14.6 0.208 0.044 0.02 22012.6 12.0 2321.6 12.3 2518.4 5.5 17.1 0.5 26869.6 30.3 21.23 0.749 3.67
Qtr-7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

2 Qtr-3 119.1 100.9 18.2 76.2 17.1 0.3 0.178 0.080 -- 7026.4 12.5 1823.7 11.5 409.5 7.0 10.6 0.5 9270.3 31.5 7.06 0.787 3.92
Qtr-4 948.2 726.2 226.2 164.1 75.7 1.2 0.505 0.212 1.02 51491.9 13.5 3625.8 12.8 936.9 5.0 11.7 0.4 56066.4 31.6 30.07 0.671 3.36
Qtr-5 955.2 692.1 266.2 95.1 79.9 4.3 0.264 0.109 2.22 100950.7 16.7 5662.5 9.4 1311.2 5.0 9.4 0.2 107933.8 31.3 17.86 0.700 3.47
Qtr-6 351.7 272.2 79.5 71.5 66.2 5.7 0.178 0.068 0.38 179762.6 14.3 5723.3 8.2 1982.8 2.2 24.8 0.7 187493.4 25.3 17.01 0.759 3.52
Qtr-7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

3 Qtr-3 826.8 297.7 529.1 105.3 27.3 16.6 0.374 0.103 -- 1726.2 5.0 1172.9 20.3 392.2 5.3 10.6 0.7 3301.9 28.0 3.49 0.722 3.47
Qtr-4 912.1 388.0 524.0 82.5 80.0 19.1 0.305 0.080 4.92 6547.4 10.0 1959.2 20.9 169.1 3.3 11.3 0.6 8687.1 34.8 5.91 0.717 3.67
Qtr-5 599.4 339.0 260.6 52.4 43.3 18.6 0.158 0.028 4.21 17883.8 16.1 767.7 12.4 381.4 5.2 4.8 0.3 19037.0 34.0 5.29 0.758 3.84
Qtr-6 265.1 148.9 116.3 29.5 69.1 14.1 0.083 0.014 1.77 53924.0 15.9 1252.8 9.8 736.9 4.6 16.1 0.3 55929.8 30.6 11.85 0.723 3.56
Qtr-7 1238.8 512.4 726.5 102.8 154.9 53.0 0.635 0.168 -- 134212.4 16.0 4036.3 9.7 4518.0 5.0 0.0 0.0 142766.7 30.7 27.94 0.712 3.51

4 Qtr-3 190.0 163.1 26.9 81.1 25.6 0.2 0.238 0.035 -- 8048.2 9.3 2231.7 9.3 408.7 5.7 3.1 0.3 10691.7 24.7 8.41 0.776 3.51
Qtr-4 562.2 432.2 130.1 117.2 55.8 0.4 0.400 0.096 0.80 42635.8 12.8 3068.0 11.7 573.6 3.4 0.0 0.0 46277.4 27.9 11.20 0.667 3.20
Qtr-5 772.5 602.2 170.9 124.7 66.6 1.1 0.529 0.139 0.67 44654.5 15.2 2959.9 10.7 509.3 2.6 11.9 0.2 48131.7 28.6 17.04 0.691 3.33
Qtr-6 634.4 533.0 101.4 251.4 143.1 1.6 0.501 0.172 1.29 181727.1 11.9 5547.9 7.9 74373.7 4.1 0.0 0.0 260711.8 23.2 36.06 0.645 2.90
Qtr-7 968.9 883.0 85.8 148.2 68.1 2.3 2.580 0.313 -- 302132.0 17.0 7788.1 9.8 1106.8 2.2 0.0 0.0 311026.9 29.0 44.29 0.691 3.34

5 Qtr-3 160.2 136.3 23.9 93.9 26.9 0.3 0.232 0.077 -- 10241.7 4.7 1929.0 11.7 387.5 3.7 2.9 0.7 12561.1 23.0 6.30 0.774 3.48
Qtr-4 808.7 624.5 184.1 145.9 41.5 3.5 0.481 0.150 0.81 43889.5 12.9 2236.2 10.9 583.6 4.6 7.4 0.3 46708.3 28.7 7.22 0.746 3.60
Qtr-5 907.2 680.5 226.7 116.2 62.4 8.4 0.414 0.135 3.23 49572.1 15.6 2106.4 9.3 1013.7 4.0 6.7 0.3 52696.6 29.1 5.63 0.742 3.60
Qtr-6 418.0 341.0 77.0 87.4 104.7 8.1 0.246 0.067 0.77 156912.1 13.1 4788.3 7.4 62002.0 3.4 8.6 0.7 224590.7 24.2 20.91 0.762 3.50
Qtr-7 678.3 565.2 113.0 162.6 154.7 5.6 0.753 0.131 -- 559606.6 16.7 17806.9 9.3 3471.2 2.8 0.0 0.0 580884.7 28.8 45.54 0.709 3.38

6 Qtr-3 102.2 86.8 15.4 48.1 11.2 5.6 0.132 0.041 -- 12484.9 10.7 1825.2 14.3 171.1 5.3 3.8 0.3 14485.0 29.3 7.25 0.740 3.60
Qtr-4 722.1 581.0 141.5 138.6 60.4 6.8 0.446 0.189 0.69 55832.2 15.7 4238.2 14.0 895.2 3.8 8.6 0.4 60970.3 33.7 11.87 0.718 3.64
Qtr-5 859.2 659.8 199.4 104.6 10.0 3.7 0.338 0.184 0.84 30179.5 15.1 1053.3 9.2 1020.6 3.4 27.3 0.6 32273.2 28.2 2.21 0.758 3.64
Qtr-6 397.4 329.4 68.1 101.5 77.9 4.4 0.303 0.082 0.96 325921.1 16.0 3386.5 6.8 12938.8 4.1 1.0 0.1 330113.1 26.6 10.12 0.708 3.33
Qtr-7 463.7 378.7 85.0 141.6 88.6 2.3 0.381 0.112 -- 475288.0 17.3 7702.7 6.8 8619.5 2.8 212.5 0.3 491822.6 27.3 21.90 0.678 3.21

7 Qtr-3 46.5 36.3 10.2 39.6 13.2 0.4 0.082 0.011 -- 18421.0 6.0 2242.0 15.0 1428.4 8.0 0.0 0.0 22091.4 31.0 4.87 0.590 2.92
Qtr-4 421.6 321.7 99.9 43.5 84.3 0.9 0.163 0.017 1.19 88203.0 18.7 8426.7 14.0 2838.8 6.0 0.0 0.0 99468.5 38.7 23.21 0.777 4.09
Qtr-5 1141.6 830.3 311.3 127.5 259.9 4.3 0.290 0.024 0.62 429850.4 17.3 8024.1 7.7 7127.3 5.3 0.0 0.0 445001.8 30.3 37.62 0.701 3.44
Qtr-6 454.0 340.2 113.8 78.6 133.0 3.8 0.147 0.002 0.38 394940.2 17.7 6907.7 8.3 161.7 2.3 0.0 0.0 402009.7 28.3 43.97 0.726 3.50
Qtr-7 430.0 362.1 67.9 103.4 116.5 0.0 0.121 0.016 -- 338417.5 17.0 11179.3 11.5 2568.7 1.0 0.0 0.0 352165.4 29.5 30.50 0.722 3.52

8 Qtr-3 46.2 32.0 14.1 43.5 12.4 4.6 0.048 0.008 -- 8133.5 10.0 3527.3 15.0 627.7 1.0 0.0 0.0 12288.5 33.0 3.79 0.765 3.86
Qtr-4 725.3 508.4 216.8 52.0 80.5 12.4 0.205 0.025 1.12 170976.1 17.0 5821.1 12.3 10956.8 5.7 227.4 1.0 187829.9 35.3 23.67 0.667 3.43
Qtr-5 838.6 594.6 244.0 73.3 107.2 4.6 0.112 0.007 3.29 152968.0 17.3 2260.1 5.7 4487.8 6.0 57.6 0.5 159754.3 29.3 16.84 0.682 3.33
Qtr-6 623.4 467.2 156.1 107.1 181.3 0.2 0.110 0.012 0.47 852795.3 19.0 1645.0 2.0 1536.5 3.0 0.0 0.0 855976.8 24.0 15.58 0.753 3.40
Qtr-7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

9 Qtr-3 1697.7 575.2 1122.5 250.8 22.4 0.3 0.593 0.187 -- 10691.3 2.0 1795.5 13.0 298.8 5.0 0.0 0.0 12785.6 16.0 2.17 0.503 2.01
Qtr-4 1878.1 788.3 1089.7 177.0 100.7 64.5 0.637 0.116 23.68 191.1 0.7 883.9 21.3 188.6 1.3 2.4 0.3 1265.9 23.7 1.17 0.871 3.95
Qtr-5 1531.1 1689.4 782.4 161.0 74.5 51.1 0.565 0.150 8.47 3329.6 2.7 605.8 15.0 92.7 2.0 29.6 1.3 4057.7 21.0 1.77 0.469 2.06
Qtr-6 699.1 313.4 375.6 160.0 36.1 31.7 0.305 0.141 -- 5127.4 2.0 429.2 12.0 62.1 1.5 26.3 1.0 5631.9 16.3 2.14 0.627 2.48
Qtr-7 2415.9 1045.1 1370.7 196.4 229.4 145.3 0.645 0.274 -- 14873.9 5.5 2407.2 11.5 811.1 4.0 181.3 1.0 18273.5 22.0 31.18 0.547 2.50

10 Qtr-3 224.7 198.1 26.6 120.5 13.8 0.4 0.293 0.241 -- 3938.7 6.0 1623.4 15.0 258.0 5.0 0.0 0.0 5820.1 26.0 7.10 0.662 3.11
Qtr-4 855.2 584.4 268.9 98.3 26.0 1.3 0.332 0.158 1.17 6890.6 8.3 3466.1 18.7 1061.6 5.7 0.0 0.0 11418.4 32.7 8.49 0.824 4.14
Qtr-5 734.2 561.5 172.7 84.3 17.2 3.5 0.288 0.159 0.96 5648.6 9.0 1854.2 16.3 495.6 4.3 14.5 0.3 8012.9 30.0 3.07 0.770 3.77
Qtr-6 338.0 241.4 96.7 52.4 28.2 0.2 0.143 0.079 0.42 13650.8 8.0 3280.8 13.0 414.5 3.3 41.4 1.0 17387.6 25.3 5.27 0.702 3.27
Qtr-7 1274.3 1069.8 204.5 328.7 119.2 0.4 1.080 0.739 -- 20500.0 6.0 13565.1 19.5 3508.6 3.5 145.2 1.0 37646.3 29.5 18.18 0.770 3.76

11 Qtr-3 210.5 182.9 27.6 103.4 15.5 0.2 0.331 0.131 -- 3391.3 9.0 583.9 15.0 136.5 6.0 9.8 1.0 4121.5 30.0 2.05 0.718 3.52
Qtr-4 691.3 587.4 103.9 138.7 15.6 3.1 0.603 0.397 0.76 6821.9 11.3 958.2 8.7 196.7 4.0 0.0 0.0 7976.9 24.0 3.22 0.762 3.49
Qtr-5 663.7 523.4 140.2 109.4 73.0 1.3 0.438 0.207 0.86 48838.8 13.0 3705.7 7.3 434.3 4.7 19.3 0.7 52998.1 25.7 13.49 0.633 2.96
Qtr-6 911.0 801.2 109.7 202.7 150.5 7.1 2.781 1.244 0.39 334748.5 14.3 8321.6 6.7 271.4 2.3 2.2 0.3 343343.7 23.7 28.68 0.741 3.37
Qtr-7 895.5 794.9 100.6 281.4 98.0 9.7 1.778 0.229 -- 280018.4 14.0 10546.6 11.0 2314.4 4.5 0.0 0.0 54676.1 29.5 22.96 0.610 2.98

12 Qtr-3 915.4 320.6 594.7 113.5 24.4 3.6 0.308 0.124 -- 1214.4 3.0 733.3 21.0 93.4 5.0 26.6 1.0 2067.6 31.0 2.28 0.618 3.06
Qtr-4 1474.1 571.9 901.3 112.7 52.0 6.7 0.377 0.155 19.02 7254.2 8.3 1259.7 17.7 106.1 1.7 27.1 1.0 8647.1 28.7 3.02 0.754 3.63
Qtr-5 566.2 346.0 220.2 48.2 39.4 9.2 0.151 0.020 1.73 27278.0 14.3 1782.6 7.7 905.0 4.3 21.7 0.8 29983.0 27.0 2.39 0.646 3.03
Qtr-6 203.3 124.4 79.1 16.8 48.2 12.7 0.067 0.012 0.03 22598.0 12.0 553.1 9.0 214.4 3.0 0.7 1.0 23365.7 24.3 1.18 0.599 2.74
Qtr-7 255.0 130.3 124.6 23.4 37.7 39.6 0.144 0.037 -- 18073.2 6.5 1739.1 9.5 684.3 4.5 0.0 0.0 20496.7 20.5 2.05 0.500 2.24
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Exhibit C-22
Period-of-Record, Quarterly, and Monthly Summaries of Periphyton Data from the Porta-PSTA Treatments, April 1999 - March 2000

Ca Chl_a (corr) Pheo_a TP TIP TKN Biovolume
Treatment Date Dry Wt Ash Wt AFDW (g/m2) (mg/m2) (mg/m2) (g/m2) (g/m2) (g/m2) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (cm3/m2) Evenness SWDI

Periphyton Biomass (g/m2) Other Taxa Total TaxaBlue Green Algae Diatoms Green Algae

Monthly
1 Apr-99 613.3 248.1 365.2 106.4 23.6 7.4 0.269 0.092 -- 3589.3 7.0 1204.7 16.5 154.5 5.0 7.8 0.5 4956.2 29.0 3.33 0.669 3.26

May-99 1526.0 695.8 829.9 138.9 156.7 76.5 0.487 0.178 8.57 7793.6 8.3 2822.6 21.3 443.2 4.0 53.1 1.3 11112.4 35.0 6.57 0.727 3.72
Jun-99 520.0 329.0 191.0 28.3 25.3 9.5 0.110 0.026 -- 3879.9 8.3 1082.0 18.0 261.7 3.7 12.0 0.7 5235.7 30.7 3.64 0.684 3.36
Jul-99 573.9 390.2 183.7 48.5 30.8 2.4 0.077 0.018 -- 46058.5 14.0 2781.5 16.3 921.5 3.7 0.0 0.0 49761.4 34.0 4.81 0.741 3.75
Aug-99 1117.4 617.0 500.4 108.0 87.6 36.4 0.260 0.066 -- 26393.6 12.7 3015.5 13.7 859.3 5.0 0.0 0.0 30268.3 31.3 5.86 0.784 3.90
Sep-99 1822.6 864.8 957.8 115.3 57.2 26.0 0.585 0.197 16.12 25840.8 13.3 2028.3 10.0 940.0 3.3 0.0 0.0 28809.1 26.7 3.39 0.753 3.55
Oct-99 2012.6 960.5 1050.0 109.9 73.7 28.0 0.412 0.095 -- 21114.6 10.0 2228.1 10.0 1607.0 5.0 0.0 0.0 24949.7 25.0 6.80 0.672 3.11
Nov-99 1000.4 558.1 442.2 119.5 98.7 19.4 0.275 0.058 -- 28673.5 13.7 2750.3 13.0 3245.8 5.7 20.6 0.3 34690.1 32.7 27.21 0.737 3.71
Dec-99 7.6 3.6 4.0 1.8 4.9 0.0 0.007 0.001 0.02 2029.8 7.0 1035.5 10.0 336.0 5.0 6.8 1.0 3408.1 23.0 3.31 0.784 3.55
Jan-00 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

2 Apr-99 119.1 100.9 18.2 76.2 17.1 0.3 0.178 0.080 -- 7026.4 12.5 1823.7 11.5 409.5 7.0 10.6 0.5 9270.3 31.5 7.06 0.787 3.92
May-99 789.5 475.0 312.2 72.5 32.8 0.7 0.230 0.185 1.02 21202.9 11.0 3737.0 14.0 545.7 5.0 11.0 0.5 25496.7 30.5 10.12 0.752 3.70
Jun-99 543.6 445.2 98.3 83.4 29.5 0.4 0.263 0.137 -- 37138.0 12.7 2673.4 11.7 187.1 2.7 19.1 0.3 40017.7 27.3 8.05 0.593 2.87
Jul-99 1458.8 1174.5 296.8 305.7 150.6 2.5 0.930 0.306 -- 86038.5 16.0 4504.1 13.0 1947.5 7.3 4.8 0.3 92494.9 36.7 65.40 0.696 3.61
Aug-99 836.1 663.7 181.6 125.6 122.1 2.7 0.299 0.140 -- 142815.9 17.7 12863.6 10.7 1294.9 6.3 28.3 0.7 157002.5 35.3 17.49 0.729 3.74
Sep-99 777.9 628.6 149.3 97.1 41.8 6.1 0.282 0.099 2.22 82665.0 15.0 1974.5 6.7 1630.2 4.0 0.0 0.0 86269.7 25.7 16.07 0.690 3.24
Oct-99 1251.6 783.9 467.7 62.6 75.8 4.1 0.211 0.089 -- 77371.3 17.3 2149.5 11.0 1008.4 4.7 0.0 0.0 80529.2 33.0 20.01 0.679 3.42
Nov-99 475.5 362.4 113.2 47.9 12.4 0.8 0.070 0.035 -- 19935.2 12.0 821.3 8.7 168.9 3.0 49.5 1.3 20974.9 25.0 2.07 0.722 3.35
Dec-99 227.8 182.1 45.8 95.1 120.1 10.5 0.286 0.101 0.38 339590.0 16.7 10625.3 7.7 3796.6 1.3 0.0 0.0 354011.8 25.7 31.95 0.795 3.69
Jan-00 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

3 Apr-99 826.8 297.7 529.1 105.3 27.3 16.6 0.374 0.103 -- 1726.2 5.0 1172.9 20.3 392.2 5.3 10.6 0.7 3301.9 28.0 3.49 0.722 3.47
May-99 1241.1 490.9 750.2 71.8 117.5 31.4 0.336 0.121 4.92 5407.5 8.3 3051.5 22.3 344.2 5.0 8.1 0.3 8811.3 36.0 7.13 0.759 3.92
Jun-99 521.5 248.8 272.7 77.1 74.2 14.3 0.212 0.029 -- 5153.4 11.3 1864.2 23.7 42.9 2.3 14.1 0.7 7074.7 38.0 5.83 0.749 3.92
Jul-99 973.7 424.5 549.2 98.6 48.2 11.6 0.355 0.076 -- 9081.4 10.3 961.9 16.7 120.3 2.7 11.7 0.7 10175.3 30.3 4.78 0.644 3.17
Aug-99 708.7 363.0 346.6 76.0 56.6 18.6 0.238 0.044 -- 12860.1 15.0 1176.3 17.0 424.7 5.3 0.0 0.0 14461.1 37.3 7.67 0.766 4.00
Sep-99 491.2 333.5 157.6 46.1 36.5 25.3 0.127 0.021 4.21 18728.4 16.3 608.9 12.0 340.2 6.3 7.3 0.3 19684.8 35.0 5.32 0.741 3.78
Oct-99 598.4 320.6 277.4 35.1 36.8 11.8 0.109 0.021 -- 22062.8 17.0 518.0 8.3 379.4 4.0 4.8 0.3 22965.0 29.7 2.88 0.768 3.75
Nov-99 446.6 247.2 199.4 45.7 52.6 14.3 0.121 0.019 -- 21184.6 14.0 878.7 9.3 502.2 6.0 34.3 0.3 22599.8 29.7 8.84 0.700 3.42
Dec-99 124.8 70.6 54.1 21.3 100.5 7.0 0.038 0.007 1.77 82154.5 19.0 1851.5 11.5 960.1 3.0 0.0 0.0 84966.0 33.5 20.68 0.718 3.63
Jan-00 177.3 102.7 74.5 18.9 64.7 18.7 0.075 0.015 -- 67843.0 15.8 1227.8 9.2 822.8 4.3 8.6 0.3 69902.2 29.7 8.98 0.750 3.66
Feb-00 1247.5 463.4 784.2 100.0 196.0 37.5 0.492 0.162 -- 156241.0 17.3 2256.4 5.3 6556.8 3.0 0.0 0.0 165054.2 25.7 40.37 0.712 3.35
Mar-00 1230.1 561.3 668.8 105.7 113.7 68.6 0.778 0.175 -- 112183.9 14.7 5816.3 14.0 2479.2 7.0 0.0 0.0 120479.3 35.7 15.51 0.712 3.67

4 Apr-99 190.0 163.1 26.9 81.1 25.6 0.2 0.238 0.035 -- 8048.2 9.3 2231.7 9.3 408.7 5.7 3.1 0.3 10691.7 24.7 8.41 0.776 3.51
May-99 482.8 313.4 169.5 65.3 39.1 0.7 0.252 0.173 0.80 17890.8 13.0 3869.8 12.3 202.9 4.3 0.0 0.0 21963.5 29.7 11.43 0.731 3.57
Jun-99 425.1 329.1 96.0 120.4 77.5 0.2 0.310 0.109 -- 43913.8 13.3 3409.0 11.7 771.5 2.7 0.0 0.0 48094.3 27.7 14.37 0.651 3.13
Jul-99 778.8 654.2 124.7 166.0 50.8 0.2 0.640 0.005 -- 66102.8 12.0 1925.1 11.0 746.3 3.3 0.0 0.0 68774.3 26.3 7.80 0.619 2.92
Aug-99 876.7 722.0 155.0 203.3 91.6 1.1 0.678 0.062 -- 53935.7 15.3 5727.1 11.3 804.6 3.7 0.0 0.0 60467.5 30.3 17.50 0.713 3.49
Sep-99 660.3 561.2 99.1 107.0 21.8 1.7 0.534 0.147 0.67 32516.5 13.3 1749.0 11.3 306.9 2.7 23.9 0.3 34596.2 27.7 24.70 0.685 3.26
Oct-99 780.6 523.3 258.5 63.7 86.6 0.5 0.375 0.208 -- 47511.4 17.0 1403.6 9.3 416.3 1.3 0.0 0.0 49331.3 27.7 8.91 0.674 3.23
Nov-99 549.5 420.9 128.6 101.5 70.4 0.2 0.283 0.099 -- 61023.6 12.7 2691.7 9.3 283.9 2.3 0.0 0.0 63999.2 24.3 13.05 0.586 2.68
Dec-99 976.4 867.0 109.4 424.9 205.5 0.0 0.824 0.394 1.29 456628.5 14.0 10103.2 8.2 1442.6 1.7 0.0 0.0 468174.3 23.8 32.67 0.631 2.88
Jan-00 377.4 311.1 66.3 112.0 153.4 4.7 0.396 0.025 -- 27529.1 9.0 3848.8 6.2 221394.8 8.3 0.0 0.0 249961.9 21.5 62.47 0.716 3.15
Feb-00 392.3 335.0 57.3 106.0 76.9 0.0 0.279 0.275 -- 275597.7 16.7 6483.1 9.3 713.8 1.3 0.0 0.0 282794.7 27.3 34.64 0.682 3.25
Mar-00 1545.4 1431.0 114.4 179.8 59.4 4.6 4.306 0.341 -- 328666.2 17.3 9093.2 10.3 1499.7 3.0 0.0 0.0 339259.2 30.7 53.94 0.699 3.44

5 Apr-99 160.2 136.3 23.9 93.9 26.9 0.3 0.232 0.077 -- 10241.7 4.7 1929.0 11.7 387.5 3.7 2.9 0.7 12561.1 23.0 6.30 0.774 3.48
May-99 836.4 557.9 277.2 100.9 20.5 0.4 0.351 0.285 0.81 26215.5 13.0 1427.2 11.0 432.3 6.0 3.1 0.3 28078.2 30.3 5.43 0.783 3.85
Jun-99 636.7 523.3 113.4 156.3 45.5 0.3 0.476 0.083 -- 44773.9 13.7 3111.5 10.0 343.1 3.3 9.5 0.3 48212.4 27.3 8.74 0.754 3.58
Jul-99 953.0 792.4 161.7 180.6 58.4 9.8 0.618 0.084 -- 60679.2 12.0 2170.0 11.7 975.4 4.3 9.6 0.3 63834.2 28.3 7.49 0.701 3.38
Aug-99 814.7 666.8 147.9 130.3 49.6 9.5 0.399 0.242 -- 40335.9 18.0 2345.4 9.3 824.8 5.0 0.0 0.0 43506.1 32.3 4.76 0.774 3.88
Sep-99 735.9 605.6 130.3 133.5 77.3 9.6 0.435 0.083 3.23 72376.5 15.0 2429.9 10.0 1950.0 4.0 0.0 0.0 76756.4 29.0 7.67 0.692 3.34
Oct-99 1170.8 769.0 401.9 84.7 60.4 6.0 0.409 0.079 -- 36003.8 13.7 1543.8 8.7 266.3 3.0 13.3 0.7 37827.2 26.0 4.47 0.762 3.58
Nov-99 492.0 387.3 104.8 62.4 4.4 0.3 0.129 0.086 -- 2565.5 11.0 250.1 10.3 192.3 3.7 22.8 1.7 2962.1 26.7 0.49 0.767 3.62
Dec-99 180.1 146.4 33.6 91.4 136.0 4.8 0.194 0.060 0.77 247782.3 13.7 7826.7 7.3 2298.6 0.7 0.0 0.0 257907.6 21.7 34.71 0.755 3.35
Jan-00 582.0 489.4 92.6 108.4 173.9 19.3 0.416 0.054 -- 220388.5 14.7 6288.3 4.7 183515.2 6.0 0.0 0.0 412902.3 24.3 27.54 0.765 3.52
Feb-00 772.0 640.0 132.0 163.7 132.0 0.1 0.957 0.054 -- 736174.5 15.7 18826.5 8.3 4544.3 2.7 0.0 0.0 759545.4 26.7 51.44 0.698 3.21
Mar-00 584.5 490.5 94.0 161.6 177.5 11.1 0.549 0.209 -- 383038.7 17.7 16787.3 10.3 2398.1 3.0 0.0 0.0 402224.0 31.0 39.64 0.719 3.54

6 Apr-99 102.2 86.8 15.4 48.1 11.2 5.6 0.132 0.041 -- 12484.9 10.7 1825.2 14.3 171.1 5.3 3.8 0.3 14485.0 29.3 7.25 0.740 3.60
May-99 340.3 263.3 76.9 50.2 28.3 0.2 0.182 0.105 0.69 30265.9 15.3 3161.5 14.0 731.8 4.3 8.7 0.3 34167.8 34.0 8.53 0.765 3.89
Jun-99 907.6 734.3 174.5 198.1 83.6 4.8 0.692 0.415 -- 79733.4 15.0 4970.7 15.0 864.3 3.3 0.0 0.0 85568.5 33.3 15.97 0.656 3.32
Jul-99 918.3 745.3 173.0 167.7 69.2 15.4 0.465 0.047 -- 57497.4 16.7 4582.3 13.0 1089.4 3.7 5.7 0.3 63174.8 33.7 11.10 0.732 3.71
Aug-99 1167.1 987.6 179.4 212.6 9.5 5.7 0.819 0.411 -- 21896.9 13.7 914.1 8.7 1549.6 3.3 6.1 0.3 24366.7 26.0 2.02 0.727 3.38
Sep-99 548.9 451.1 97.8 53.2 10.6 4.0 0.140 0.079 0.84 41178.2 15.7 1149.8 7.7 655.7 4.7 35.6 0.3 43019.3 28.3 1.59 0.795 3.83
Oct-99 965.0 610.3 354.7 48.0 9.8 1.2 0.122 0.062 -- 27463.5 16.0 1096.0 11.3 856.4 2.3 17.7 0.7 29433.7 30.3 3.01 0.753 3.70
Nov-99 388.3 303.9 84.3 68.0 12.6 0.2 0.186 0.104 -- 24262.8 16.3 574.4 8.0 166.5 3.7 3.0 0.3 25131.9 29.0 1.57 0.724 3.51
Dec-99 599.3 517.6 81.7 170.9 163.9 1.2 0.420 0.129 0.96 830728.5 15.0 7196.9 5.0 1155.5 1.7 0.0 0.0 839080.9 21.7 22.37 0.683 3.03
Jan-00 204.7 166.6 38.2 65.7 57.1 11.8 0.304 0.013 -- 122772.0 16.7 2388.3 7.3 37494.4 7.0 0.0 0.0 126126.3 28.5 6.42 0.717 3.45
Feb-00 440.3 353.1 87.2 135.0 104.6 0.0 0.272 0.186 -- 503507.1 18.7 6401.3 6.3 8525.6 1.3 216.4 0.3 518650.5 26.7 22.19 0.703 3.33
Mar-00 487.1 404.3 82.9 148.1 72.5 4.5 0.491 0.037 -- 447068.9 16.0 9004.0 7.3 8713.3 4.3 208.5 0.3 464994.8 28.0 21.60 0.652 3.09

DFB/exc.xls Page 2 of 3



Exhibit C-22
Period-of-Record, Quarterly, and Monthly Summaries of Periphyton Data from the Porta-PSTA Treatments, April 1999 - March 2000

Ca Chl_a (corr) Pheo_a TP TIP TKN Biovolume
Treatment Date Dry Wt Ash Wt AFDW (g/m2) (mg/m2) (mg/m2) (g/m2) (g/m2) (g/m2) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (cm3/m2) Evenness SWDI

Periphyton Biomass (g/m2) Other Taxa Total TaxaBlue Green Algae Diatoms Green Algae

7 Apr-99 46.5 36.3 10.2 39.6 13.2 0.4 0.082 0.011 -- 18421.0 6.0 2242.0 15.0 1428.4 8.0 0.0 0.0 22091.4 31.0 4.87 0.590 2.92
May-99 506.7 398.4 108.3 43.1 49.7 0.4 0.166 0.026 1.19 61320.2 16.0 6555.0 16.0 1847.4 7.0 0.0 0.0 69722.6 39.0 14.91 0.677 3.58
Jun-99 298.8 221.2 77.6 38.3 95.8 0.2 0.168 0.014 -- 84484.2 19.0 8846.2 12.0 3333.3 4.0 0.0 0.0 96663.8 35.0 15.02 0.838 4.30
Jul-99 459.2 345.4 113.8 49.1 107.4 2.1 0.153 0.012 -- 118804.5 21.0 9879.0 14.0 3335.6 7.0 0.0 0.0 132019.0 42.0 39.69 0.816 4.40
Aug-99 1046.4 805.9 240.5 175.5 421.1 4.5 0.347 0.021 -- 164572.6 18.0 6235.8 11.0 2032.9 7.0 0.0 0.0 172841.2 36.0 28.71 0.734 3.80
Sep-99 276.6 221.6 55.0 20.2 15.2 4.8 0.097 0.007 0.62 73264.3 15.0 260.1 4.0 1039.6 5.0 0.0 0.0 74564.0 24.0 3.10 0.661 3.03
Oct-99 2101.8 1463.5 638.3 186.9 343.3 3.6 0.425 0.044 -- 1051714.2 19.0 17576.4 8.0 18309.5 4.0 0.0 0.0 1087600.1 31.0 81.03 0.707 3.50
Nov-99 1247.1 929.7 317.4 209.1 336.0 0.2 0.384 0.003 -- 1028089.3 18.0 17994.6 6.0 0.0 0.0 0.0 0.0 1046083.9 24.0 117.62 0.740 3.40
Dec-99 61.5 49.5 12.0 12.4 35.6 0.9 0.027 0.002 0.38 80302.9 17.0 1234.3 8.0 342.8 5.0 0.0 0.0 81880.1 30.0 10.16 0.671 3.29
Jan-00 53.4 41.5 12.0 14.2 27.4 10.3 0.030 0.002 -- 76428.5 18.0 1494.2 11.0 142.3 2.0 0.0 0.0 78065.0 31.0 4.15 0.767 3.80
Feb-00 370.7 295.4 75.3 85.7 90.2 0.0 0.090 0.019 -- 144445.1 20.0 7112.3 12.0 258.6 1.0 0.0 0.0 151816.1 33.0 18.66 0.747 3.77
Mar-00 489.3 428.8 60.5 121.0 142.9 0.0 0.152 0.013 -- 532389.8 14.0 15246.3 11.0 4878.7 1.0 0.0 0.0 552514.8 26.0 42.34 0.697 3.28

8 Apr-99 46.2 32.0 14.1 43.5 12.4 4.6 0.048 0.008 -- 8133.5 10.0 3527.3 15.0 627.7 1.0 0.0 0.0 12288.5 33.0 3.79 0.765 3.86
May-99 692.6 365.7 326.5 30.4 37.7 3.9 0.112 0.025 1.12 54304.1 11.0 5145.6 13.0 2996.7 11.0 0.0 0.0 62446.4 35.0 16.80 0.511 2.62
Jun-99 654.7 510.6 144.1 47.8 53.7 0.4 0.179 0.018 -- 161180.3 18.0 5034.7 13.0 1198.9 3.0 0.0 0.0 167413.9 34.0 17.76 0.711 3.62
Jul-99 828.8 648.8 179.9 77.9 150.2 32.8 0.323 0.034 -- 297444.0 22.0 7283.1 11.0 28674.8 3.0 227.4 1.0 333629.3 37.0 36.44 0.780 4.07
Aug-99 738.9 572.2 166.7 81.1 167.4 8.0 0.073 0.006 -- 116662.3 18.0 5739.1 10.0 8368.7 7.0 0.0 0.0 130770.1 35.0 15.52 0.793 4.07
Sep-99 632.9 489.4 143.6 60.2 52.6 1.2 0.146 0.009 3.29 162819.1 20.0 466.2 3.0 2911.6 5.0 0.0 0.0 166196.8 28.0 2.95 0.626 3.01
Oct-99 1144.1 722.2 421.9 78.7 101.5 4.8 0.119 0.005 -- 179422.7 14.0 574.9 4.0 2183.1 6.0 115.1 1.0 182295.8 25.0 32.07 0.627 2.91
Nov-99 787.4 588.7 198.7 117.7 204.6 0.4 0.191 0.015 -- 466239.7 21.0 2601.4 3.0 3073.1 6.0 0.0 0.0 471914.1 30.0 17.95 0.711 3.49
Dec-99 459.3 345.8 113.6 96.5 157.9 0.0 0.030 0.008 0.47 1239350.9 17.0 688.6 1.0 0.0 0.0 0.0 0.0 1240039.5 18.0 13.21 0.794 3.31
Jan-00 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Feb-00 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Mar-00 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

9 Apr-99 1697.7 575.2 1122.5 250.8 22.4 0.3 0.593 0.187 -- 10691.3 2.0 1795.5 13.0 298.8 5.0 0.0 0.0 12785.6 16.0 2.17 0.503 2.01
May-99 2084.9 860.1 1224.8 167.1 200.9 129.6 0.664 0.250 23.68 0.0 0.0 560.1 21.0 7.1 1.0 7.1 1.0 574.3 23.0 0.75 0.905 4.10
Jun-99 2817.2 1119.6 1697.5 296.2 72.2 34.0 1.085 0.052 -- 0.0 0.0 853.1 19.0 0.0 0.0 0.0 0.0 853.1 19.0 1.16 0.902 3.83
Jul-99 732.1 385.2 346.9 67.6 29.0 30.1 0.162 0.046 -- 573.3 2.0 1238.4 24.0 558.7 3.0 0.0 0.0 2370.4 29.0 1.60 0.805 3.91
Aug-99 2126.8 941.4 1185.4 198.0 59.6 46.2 0.641 0.214 -- 5600.8 2.0 488.1 14.0 0.0 0.0 18.8 1.0 6107.8 17.0 2.17 0.371 1.52
Sep-99 1229.2 2558.8 551.9 163.1 91.8 56.0 0.496 0.163 8.47 3140.1 3.0 790.8 17.0 168.1 3.0 50.2 1.0 4149.2 24.0 2.42 0.466 2.14
Oct-99 1539.2 698.7 840.5 121.8 54.8 46.2 0.559 0.073 -- 1247.8 3.0 538.6 14.0 109.9 3.0 19.9 2.0 1916.1 22.0 0.73 0.570 2.54
Nov-99 1309.5 567.0 722.3 162.0 67.5 61.8 0.565 0.262 -- 72.2 1.0 224.8 12.0 45.2 2.0 0.0 0.0 342.2 15.0 0.64 0.877 3.43
Dec-99 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Jan-00 88.8 59.8 29.0 158.1 4.7 1.6 0.046 0.020 -- 10182.6 3.0 633.6 12.0 79.0 1.0 26.3 1.0 10921.6 17.0 3.64 0.376 1.54
Feb-00 4298.6 1825.1 2473.5 331.3 442.7 259.3 1.027 0.451 -- 27300.0 9.0 4589.9 14.0 1491.5 5.0 343.9 1.0 33725.2 29.0 61.81 0.756 3.67
Mar-00 533.2 265.2 268.0 61.4 16.2 31.3 0.263 0.097 -- 2447.8 2.0 224.4 9.0 130.8 3.0 18.7 1.0 2821.7 15.0 0.55 0.337 1.32

10 Apr-99 224.7 198.1 26.6 120.5 13.8 0.4 0.293 0.241 -- 3938.7 6.0 1623.4 15.0 258.0 5.0 0.0 0.0 5820.1 26.0 7.10 0.662 3.11
May-99 1308.5 729.4 573.5 93.7 27.9 0.4 0.353 0.259 1.17 14702.9 9.0 4535.6 15.0 1608.2 4.0 0.0 0.0 20846.7 28.0 11.65 0.785 3.77
Jun-99 551.5 445.7 105.8 79.7 24.3 0.4 0.251 0.054 -- 3695.7 9.0 4567.5 21.0 1191.3 8.0 0.0 0.0 9454.6 38.0 11.95 0.856 4.50
Jul-99 705.5 578.1 127.4 121.5 25.9 3.2 0.391 0.162 -- 2273.2 7.0 1295.3 20.0 385.4 5.0 0.0 0.0 3954.0 32.0 1.87 0.831 4.15
Aug-99 830.4 707.9 122.5 154.5 19.6 2.2 0.560 0.341 -- 3408.0 11.0 1678.5 18.0 583.3 7.0 0.0 0.0 5669.8 36.0 2.82 0.854 4.41
Sep-99 544.6 446.4 98.2 51.1 6.0 4.0 0.136 0.047 0.96 3481.3 11.0 474.9 14.0 203.9 4.0 0.0 0.0 4160.0 29.0 0.47 0.707 3.43
Oct-99 827.4 530.2 297.2 47.4 25.9 4.2 0.169 0.089 -- 10056.4 5.0 3409.3 17.0 699.5 2.0 43.5 1.0 14208.8 25.0 5.91 0.748 3.48
Nov-99 672.0 465.1 207.0 107.5 28.6 0.3 0.337 0.209 -- 17004.0 8.0 4912.0 13.0 0.0 0.0 0.0 0.0 21916.0 21.0 2.77 0.729 3.21
Dec-99 63.2 52.1 11.1 12.8 41.8 0.0 0.035 0.012 0.42 23247.4 13.0 4525.9 14.0 617.2 4.0 0.0 0.0 28390.6 31.0 7.67 0.751 3.72
Jan-00 278.9 207.0 71.9 37.0 14.1 0.3 0.056 0.015 -- 700.9 3.0 404.6 12.0 626.3 6.0 124.3 3.0 1856.2 24.0 5.38 0.626 2.87
Feb-00 1190.2 998.0 192.2 310.5 124.2 0.4 0.804 0.685 -- 10094.4 6.0 7540.3 18.0 1069.0 3.0 0.0 0.0 18703.7 27.0 14.36 0.760 3.62
Mar-00 1358.5 1141.7 216.8 346.8 114.2 0.4 1.355 0.792 -- 30905.5 6.0 19589.9 21.0 5948.3 4.0 145.2 1.0 56588.9 32.0 21.99 0.779 3.90

11 Apr-99 210.5 182.9 27.6 103.4 15.5 0.2 0.331 0.131 -- 3391.3 9.0 583.9 15.0 136.5 6.0 9.8 1.0 4121.5 30.0 2.05 0.718 3.52
May-99 383.8 310.5 73.3 47.4 8.3 0.3 0.186 0.138 0.76 6313.7 11.0 1114.2 11.0 245.0 5.0 0.0 0.0 7672.9 27.0 3.92 0.830 3.95
Jun-99 1191.1 1034.5 156.6 284.1 24.8 0.2 1.249 0.853 -- 4447.5 11.0 789.3 7.0 175.6 2.0 0.0 0.0 5412.4 20.0 2.40 0.811 3.51
Jul-99 499.0 417.3 81.7 84.7 13.9 8.9 0.375 0.199 -- 9704.6 12.0 971.1 8.0 169.7 5.0 0.0 0.0 10845.4 25.0 3.34 0.646 3.00
Aug-99 1052.5 896.3 156.2 229.0 194.1 0.2 0.954 0.504 -- 109369.4 17.0 8585.2 7.0 924.2 4.0 0.0 0.0 118878.8 28.0 33.44 0.740 3.56
Sep-99 390.9 322.6 68.3 59.9 12.3 1.1 0.199 0.085 0.86 18662.5 10.0 1554.8 9.0 263.8 7.0 29.2 1.0 20510.3 27.0 4.73 0.514 2.44
Oct-99 547.6 351.5 196.1 39.4 12.5 2.5 0.162 0.031 -- 18484.6 12.0 977.1 6.0 114.9 3.0 28.6 1.0 19605.2 22.0 2.30 0.644 2.87
Nov-99 282.0 217.8 64.2 34.6 11.0 0.2 0.036 0.018 -- 5879.4 14.0 866.2 10.0 125.6 6.0 6.6 1.0 6877.8 31.0 1.89 0.805 3.99
Dec-99 1229.9 1118.7 111.2 539.6 244.9 0.1 6.945 3.360 0.39 623806.7 17.0 17213.4 6.0 688.6 1.0 0.0 0.0 641708.7 24.0 54.45 0.763 3.50
Jan-00 1220.9 1067.2 153.7 118.3 195.5 21.1 1.363 0.354 -- 374559.4 12.0 6885.4 4.0 0.0 0.0 0.0 0.0 381444.8 16.0 29.69 0.656 2.63
Feb-00 679.4 591.7 87.7 177.1 75.8 0.0 1.776 0.338 -- 50820.9 16.0 5237.2 12.0 969.8 7.0 0.0 0.0 57027.8 35.0 8.31 0.669 3.43
Mar-00 1111.6 998.2 113.4 385.7 120.2 19.4 1.781 0.119 -- 509215.8 12.0 15856.1 10.0 3659.0 2.0 0.0 0.0 52324.4 24.0 37.61 0.551 2.53

12 Apr-99 915.4 320.6 594.7 113.5 24.4 3.6 0.308 0.124 -- 1214.4 3.0 733.3 21.0 93.4 5.0 26.6 1.0 2067.6 31.0 2.28 0.618 3.06
May-99 2970.4 1057.1 1910.4 194.8 53.9 7.8 0.667 0.336 19.02 46.9 1.0 315.1 19.0 5.8 1.0 17.5 2.0 385.3 23.0 1.09 0.834 3.77
Jun-99 571.0 264.9 306.1 59.5 63.4 0.2 0.181 0.054 -- 15222.6 15.0 2324.3 19.0 286.7 2.0 63.8 1.0 17897.5 37.0 6.11 0.813 4.24
Jul-99 881.0 393.7 487.3 83.9 38.7 12.1 0.285 0.075 -- 6493.0 9.0 1139.8 15.0 25.8 2.0 0.0 0.0 7658.7 26.0 1.87 0.614 2.89
Aug-99 561.7 349.0 212.7 65.6 33.2 11.4 0.158 0.029 -- 17289.2 12.0 1687.5 7.0 494.6 2.0 0.0 0.0 19471.4 21.0 1.96 0.686 3.01
Sep-99 371.6 258.5 113.1 31.3 53.1 9.3 0.129 0.018 1.73 44980.6 18.0 2094.0 10.0 1570.5 7.0 52.2 2.0 48697.3 37.0 3.39 0.596 3.10
Oct-99 765.3 430.5 334.8 47.8 31.9 6.9 0.167 0.014 -- 19564.3 13.0 1566.3 6.0 649.8 4.0 0.0 0.0 21780.4 23.0 1.82 0.656 2.97
Nov-99 340.3 208.0 132.3 33.6 66.8 12.9 0.122 0.016 -- 47460.8 12.0 825.7 2.0 385.9 4.0 0.0 0.0 48672.4 18.0 2.29 0.627 2.61
Dec-99 0.4 0.4 0.4 0.1 1.0 0.2 0.002 0.000 0.03 1147.3 11.0 12.3 11.0 2.0 2.0 0.7 1.0 1162.3 25.0 0.06 0.521 2.42
Jan-00 269.2 164.8 104.4 -- 76.9 24.9 0.076 0.019 -- 19185.8 13.0 821.4 14.0 255.1 3.0 0.0 0.0 20262.2 30.0 1.20 0.650 3.19
Feb-00 4.3 2.5 1.8 0.3 2.9 0.0 0.006 0.004 -- 6821.4 5.0 71.2 5.0 32.3 2.0 0.0 0.0 6924.8 12.0 0.31 0.286 1.03
Mar-00 505.6 258.1 247.5 46.6 72.5 79.2 0.283 0.070 -- 29325.1 8.0 3407.1 14.0 1336.3 7.0 0.0 0.0 34068.5 29.0 3.78 0.713 3.46

SWDI = Shannon-Weaver Diversity Index
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EXHIBIT C-23

Non-Reactive Phosphorus Data Summary for Porta-PSTA Periphyton, April 1999 - March 2000

Moisture TP NaHCO3 Pi NaHCO3TP Labile Po HClPi
Alkali Hydrolyz 
Po (NaOH TP) Residual Po

Treatmemt Soil Date % mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg Comments
1 PE 6/15/99 -- 320.0 5.46 75.10 69.70 159.9 98.8 86.7 See Footnote
1 PE 10/8/99 95.1 243.1 1.26 58.75 57.49 29.1 52.96 17.75
1 PE 12/15/99 95.9 203.0 2.10 135.63 133.53 36.3 4.45 33.81
1 PE 3/15/00 96.2 239.7 2.27 126.71 124.44 99.3 48.5 64.2
2 SR 10/8/99 90.9 457.1 1.04 53.98 52.94 448.6 -23.13 55.33
2 SR 12/14/99 93.2 159.2 2.28 59.56 57.27 30.3 -0.90 21.63
2 SR 3/14/00 94.6 493.9 1.91 80.60 78.69 326.2 15.9 54.1
3 PE 6/22/99 -- 331.5 2.55 60.80 58.30 141.0 33.7 -- See Footnote
3 PE 10/8/99 94.3 246.6 2.43 171.28 168.85 48.8 18.94 35.02
3 PE 12/15/99 95.4 211.9 2.23 183.65 181.41 41.8 14.25 50.71
3 PE 12/15/99 96.2 197.2 2.63 160.52 157.89 36.8 -0.98 44.80
3 PE 3/15/00 94.2 452.8 2.54 239.30 236.77 81.7 65.5 58.4
4 SR 10/8/99 79.6 277.7 0.56 15.23 14.67 265.0 -5.80 16.21
4 SR 12/13/99 88.5 770.7 1.26 26.18 24.92 336.2 15.09 36.45
4 SR 12/13/99 83.1 1143.9 1.73 9.95 8.22 641.3 -23.71 63.19
5 SR 10/8/99 92.0 470.6 1.02 58.86 57.84 324.7 -17.16 43.98
5 SR 12/14/99 92.9 443.9 2.22 97.81 95.59 254.5 7.72 54.94
5 SR 3/14/00 94.0 452.3 1.66 125.68 124.02 272.5 43.5 43.1
6 SR 10/8/99 88.5 392.1 0.85 32.64 31.79 290.9 -15.47 30.64
6 SR 12/13/99 86.8 716.3 1.03 33.93 32.90 336.1 -8.01 30.04
6 SR 3/13/00 88.7 509.4 1.35 53.17 51.82 362.7 11.9 25.1
7 SA 10/8/99 72.3 35.2 0.42 21.05 20.63 3.1 10.10 9.88
7 SA 10/8/99 68.5 35.7 0.35 12.29 11.94 3.4 5.16 5.53
7 SA 12/13/99 80.2 73.4 0.49 23.63 23.14 0.8 1.90 13.99
7 SA 3/13/00 92.1 489.4 1.62 81.67 80.05 259.1 32.7 39.8
7 SA 3/13/00 80.5 84.8 0.74 37.34 36.60 31.4 19.1 14.5
8 SA 12/14/99 81.3 134.0 0.98 48.19 47.21 14.8 27.42 19.74
8 SA 3/14/00 88.8 72.9 1.16 109.30 108.15 68.2 47.8 30.6
9 PE 6/23/99 -- 327.6 3.64 53.60 50.00 134.1 -0.1 -- See Footnote
9 PE 10/8/99 96.9 345.3 2.60 186.22 183.62 48.7 3.85 51.29
9 PE 12/15/99 94.1 130.8 1.70 62.39 60.70 7.2 11.43 17.30
10 SR 10/8/99 97.0 308.1 2.69 110.30 107.60 60.3 -3.41 39.56
10 SR 12/13/99 95.0 224.2 1.99 81.50 79.50 47.8 4.70 21.17
10 SR 3/13/00 86.5 109.0 0.95 47.82 46.87 53.1 21.6 15.0
11 SR 6/23/99 -- 1125.5 1.43 63.30 61.80 290.2 -2.1 -- See Footnote
11 SR 10/8/99 79.8 788.4 0.84 17.72 16.88 697.1 -26.55 100.32
11 SR 12/14/99 81.0 1181.2 1.01 25.64 24.63 541.0 -9.22 44.72
11 SR 12/14/99 92.5 446.1 2.98 64.09 61.11 470.7 -33.56 71.47
11 SR 3/14/00 86.8 525.4 1.09 77.53 76.44 294.9 11.5 29.6
12 PE 6/23/99 -- 316.1 3.60 100.10 96.50 210.9 -94.7 105.0 See Footnote
12 PE 10/8/99 95.4 650.5 4.50 485.58 481.07 100.4 87.92 78.28

Notes:
From Comment section in Report NO. 99-9
Several problems were encountered in analyzing periphyton samples for reactive and non reactive phosphorus forms
   1) Water samples provided to us contained small amounts of periphyton.
  2) On a dry weight basis, < 100 mg of sample was available for all analysis.
  3) Use of small samples (< 20-mg dry weight basis) in sequential extraction scheme results in serious carryover effects.  This results in unrealistic values for each of the P fractions.
This problem was reported to Dr. R.L. Knight.  Recommendation was made to provide a larger sample of bulk periphyton for analysis.
Data reported in Report 99-9 for periphyton P fractionation should be treated with caution.  Our recommendation is not to use these data in developing nay conclusions from the experiment.
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EXHIBIT C-24
Summary of Macrophyte Biomass Data for the Porta-PSTA Treatments, April 1999 - March 2000

1 2 3 4 5 6 8 11
Month 9 11 18 4 7 8 12 14 17 3 5 10 2 13 16 1 6 15 20 23

Jul-1999 0 0 0 0 0 0 161 0 43 0 0 0 0 0 0 0 0 0 0 0
Aug-1999 0 191 0 0 8 0 221 53 77 0 132 0 0 47 0 0 0 0 0 67
Sep-1999 0 0 0 0 0 0 123 149 19 0 3 0 0 0 0 43 0 0 0 0
Oct-1999 0 341 0 14 8 0 146 523 346 0 35 13 18 0 0 3 0 60 0 0
Nov-1999 0 291 631 146 97 25 680 291 146 0 97 49 25 0 25 0 0 0 25 49
Dec-1999 9 44 199 0 35 104 296 175 359 3 52 125 0 47 34 45 0 4 0 269
Jan-2000 0 0 0 0 0 0 523 109 240 -- -- -- 47 14 45 -- 0 -- 0 11
Feb-2000 0 0 0 0 0 0 112 210 93 5 27 20 58 51 100 0 34 95 0 64
Mar-2000 69 131 122 39 0 47 355 171 179 15 6 0 6 0 186 71 0 15 6 338

Cell Average 9 111 106 22 17 19 291 187 167 3 44 26 17 18 43 20 4 22 3 89
Treatment Average

Notes:
All values are in units of g dry/m2

Treatment (Porta-PSTA Mesocosm)

1526242151975
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EXHIBIT C-25
Porta-PSTA Average Algal Cell Counts (# cells/m2 x 10-6), April 1999 - March 2000

Organism Division 7 8 9 10 11 12
Code Code Organism PP-9 PP-11 PP-18 PP-4 PP-7 PP-8 PP-12 PP-14 PP-17 PP-3 PP-5 PP-10 PP-2 PP-13 PP-16 PP-1 PP-6 PP-15 PP-19 PP-20 PP-21 PP-22 PP-23 PP-24

ACH CHI SU 4 ACHNANTHES CHILENSIS V SUBAEQUALIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 166.1 17.6 -- --
ACH EXI 4 ACHNANTHES EXIGUA -- -- -- -- -- -- -- -- -- -- -- -- 9.4 -- -- -- -- -- 109.6 116.7 229.6 -- -- --
ACHN MIN 4 ACHNANTHIDIUM MINUTISSIMUM 70.7 200.3 161.9 121.4 37.9 25.2 43.6 182.2 124.7 35.8 63.7 107.0 461.0 146.2 700.3 91.9 924.4 34.9 867.7 1113.3 129.4 289.7 261.2 60.3
AMP ACUTI 4 AMPHORA ACUTIUSCULA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
AMP HOL 4 AMPHORA HOLSATICA -- -- 57.7 -- -- 14.4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 15.2 -- -- --
AMP LIN 4 AMPHORA LINEOLATA? 64.9 194.1 31.8 93.7 150.7 291.9 128.9 40.4 140.8 88.9 998.4 249.4 -- 84.1 5.5 50.3 122.5 52.3 -- -- 19.6 65.2 25.4 78.5
AMP OVA 4 AMPHORA OVALIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
AMP OVA AF 4 AMPHORA OVALIS V AFFINIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 29.0 -- -- -- -- --
AMP PEL 4 AMPHIPLEURA PELLUCIDA -- -- -- -- -- -- -- 14.2 17.7 -- -- -- -- -- -- -- -- -- 29.0 -- 19.6 -- 9.8 6.6
AMP SAB 4 AMPHORA SABINIANA? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 517.3 -- 114.8 -- -- --
AMP VEN 4 AMPHORA VENETA -- -- 30.2 -- -- -- -- -- -- -- -- -- -- 421.6 -- -- -- -- 158.1 455.5 -- -- -- --
ANA OSC 1 ANABAENA OSCILLARIOIDES -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4080.5 1554.8 -- -- -- --
ANK FAL 3 ANKISTRODESMUS FALCATUS -- -- 140.3 -- 454.6 -- 68.0 25.4 -- 17.8 3756.9 121.4 10.6 107.6 220.9 31.2 23.0 25.5 90.2 473.2 17.8 -- -- 46.5
ANK NAN 3 ANKISTRODESMUS NANNOSELENE 168.5 56.3 35.4 116.9 67.6 47.8 60.7 243.0 167.2 -- 369.7 748.3 36.4 161.5 56.3 52.9 70.5 -- 29.0 461.8 -- 47.0 46.9 50.5
ANK SPI 3 ANKISTRODESMUS SPIRALIS 37.8 88.9 75.7 64.4 66.0 106.2 26.5 40.9 51.2 50.5 106.8 50.1 237.9 164.0 28.0 59.4 43.7 125.6 125.2 164.0 16.9 35.4 51.6 50.4
APH CON 1 APHANOCAPSA CONFERTA 4541.4 1813.5 -- -- -- -- 352.5 -- -- -- -- -- -- 5441.3 -- -- 84394.1 -- -- -- -- -- -- --
APH DEL 1 APHANOCAPSA DELICATISSIMA 825.9 8374.1 1218.6 7423.8 13213.0 2815.7 5000.9 2280.5 10453.0 2077.2 3714.4 8080.4 23158.5 12006.4 9639.4 6752.2 13934.3 19523.4 24356.8 10288.5 -- -- 607.4 2729.2
APH ELA 1 APHANOCAPSA ELACHISTA -- -- -- -- 3705.7 -- 699.7 -- -- 3486.8 -- -- -- -- -- -- -- -- -- -- -- -- -- --
APH GRE 1 APHANOCAPSA GREVILLEI -- -- -- -- -- -- -- 8229.2 -- -- -- -- -- -- -- -- 3753.5 -- -- -- -- 279.6 -- --
APH INC 1 APHANOCAPSA INCERTA 492.4 -- -- -- 9142.5 1511.4 -- -- -- -- -- -- -- -- -- 2057.3 -- -- 6153.6 -- -- -- -- --
APH PLA 1 APHANOCAPSA PLANCTONICA? -- 2553.3 -- -- 4088.5 4391.1 595.6 510.2 -- 1293.1 2621.8 4948.4 41547.9 669.7 -- 1411.5 1085.3 -- 20135.8 1837.7 -- 475.3 968.4 --
APHA CLA 1 APHANOTHECE CLATHRATA 493.7 -- -- 4513.8 6869.5 1498.3 382.6 1612.9 -- 6802.8 54531.5 1566.9 22400.2 5226.2 2005.9 1514.6 14240.4 10386.9 4092.3 10923.9 -- -- 2457.0 --
APHA MIC 1 APHANOTHECE MICROSCOPICA -- -- -- -- -- -- 1188.1 407.6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
APHA NID 1 APHANOTHECE NIDULANS -- -- 830.9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
APHA SAX 1 APHANOTHECE SAXICOLA -- -- -- -- 785.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
APHA SMI 1 APHANOTHECE SMITHII 613.7 2246.2 1090.3 3465.6 5662.9 6547.7 1356.5 2599.6 1883.9 19176.2 19778.3 5375.3 6455.3 10486.8 17065.3 22978.4 20983.7 2742.2 11020.2 13956.6 1147.0 1618.6 2039.7 803.4
APHA STA 1 APHANOTHECE STAGNINA 6387.7 1519.0 18681.4 9143.3 18760.1 19201.9 3455.0 3294.1 1573.7 11266.8 8249.7 17419.4 19003.4 19164.4 24988.8 25640.5 36055.3 37042.2 14729.2 22933.9 110.9 2051.1 5151.4 2635.3
APHA STA 1 APHANOTHECE STAGNINA? 1601.5 2902.2 4729.6 2465.6 15329.6 1496.3 1399.9 4088.6 792.6 3014.5 2254.9 2949.0 869.7 2036.8 3113.4 1333.8 5594.4 1582.0 10124.8 4792.8 -- -- 670.2 1386.0
APHA VAR 1 APHANOTHECE VARIABILIS? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2169.2 -- -- -- -- --
APHN FLO 1 APHANIZOMENON FLOS-AQUAE 612.8 1738.1 -- -- 5224.6 -- -- 1508.7 -- -- -- 6875.5 -- 1028.6 -- -- -- 316.8 2348.4 7086.3 -- -- -- --
ART GOM 1 ARTHOSPIRA GOMONTIANA? -- -- -- -- -- -- -- -- 195.0 -- -- 239.5 -- -- 455.9 -- -- -- -- -- -- -- -- --
ART GOM 1 ARTHROSPIRA GOMONTIANA? -- -- -- -- 11738.4 -- 1542.4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
ART JEN 1 ARTHROSPIRA JENNERI -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 245.5 -- -- -- -- -- -- -- --
ART TEN 1 ARTHROSPIRA TENUIS? -- -- -- -- -- -- -- -- 870.7 -- -- 919.3 -- -- -- -- -- -- -- -- -- -- -- --
AUL ITA TE 4 AULACOSEIRA ITALICA V TENUISSIMA -- -- -- -- -- -- -- -- -- -- -- -- -- -- 11.0 -- -- -- -- -- -- -- -- --
AUL LAX 1 AULOSIRA LAXA? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 23992.7 -- -- -- -- --
BAC PAR 4 BACILLARIA PARADOXA -- -- -- -- -- -- -- 68.6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
BOT SUD 3 BOTRYOCOCCUS SUDETICUS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
BRA VIT 4 BRACHYSIRA VITREA 112.3 71.7 58.4 120.4 56.3 -- -- 25.9 12.7 -- 102.6 -- 9.4 -- 16.7 -- -- 25.5 -- 100.1 111.6 53.8 19.6 6.2
CAP CAR 4 CAPONEA CARIBBEA -- 67.1 -- -- -- -- 113.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CHA ENS 3 CHARACIUM ENSIFORME 28.8 -- -- -- -- 504.4 -- 182.2 -- -- -- -- 55.9 -- -- -- -- -- -- -- -- -- -- --
CHLO HUM 3 CHLOROCOCCUM HUMICOLA 123.0 80.6 -- -- 264.8 -- -- -- 48.8 27.3 267.8 -- 5.3 -- -- -- 11.3 -- -- -- -- -- -- --
CHR DIS 1 CHROOCOCCUS DISPERSUS 378.7 1731.7 2364.1 2008.7 4234.2 3465.5 739.9 1558.3 422.9 8338.3 17332.9 1561.0 6308.7 4810.2 8223.2 2049.0 3807.5 3240.9 9976.8 8661.7 -- 737.3 867.3 558.0
CHR DIS MI 1 CHROOCOCCUS DISPERSUS V MINOR 1076.7 432.1 1335.8 -- 1191.6 2534.7 -- 416.7 487.0 1060.5 2052.5 2021.8 544.4 1658.1 263.8 6230.2 1895.2 1775.7 10249.8 1798.8 -- 2411.9 981.5 --
CHR DIST 1 CHROOCOCCUS DISTANS -- 870.0 -- -- -- -- -- -- -- -- 294.4 -- 56.5 -- -- -- -- -- -- -- -- -- -- 880.8
CHR LIM 1 CHROOCOCCUS LIMNETICUS 173.8 -- 211.5 -- -- 158.6 74.3 279.0 97.3 -- -- -- 71.9 1114.7 348.7 -- -- 678.8 357.6 199.7 -- -- 442.7 581.3
CHR MIN 1 CHROOCOCCUS MINUTUS 505.6 119.7 241.2 286.1 1496.1 320.3 364.2 332.6 91.0 2148.2 1226.4 360.5 1525.1 660.2 3934.9 869.4 1133.2 1050.4 5217.0 3405.6 36.8 116.2 556.9 789.4
CHR MINI 1 CHROOCOCCUS MINIMUS 335.8 2017.0 2245.3 3749.8 14716.2 1789.4 802.2 1330.9 1265.4 1469.5 6941.6 2290.4 5428.0 3255.9 3997.3 5215.6 6382.3 5343.5 11060.5 14803.7 5735.2 647.9 3439.9 1400.1
CHR PLA 1 CHROOCOCCUS PLANCTONICUS -- -- -- -- -- -- -- 485.9 -- -- -- -- -- 898.1 -- 687.7 1109.3 -- -- -- -- -- -- --
CHR PRE 1 CHROOCOCCUS PRESCOTTII -- -- -- -- 452.5 -- 906.9 -- -- -- -- -- 201.3 234.5 55.9 -- 6752.1 453.9 7930.2 2598.9 -- 72.8 264.4 127.3
CHR TUR 1 CHROOCOCCUS TURGIDUS 63.1 142.6 145.4 233.0 312.5 228.0 225.9 160.3 55.7 51.9 156.8 183.3 283.5 682.7 -- 139.3 384.9 104.5 254.7 570.3 -- 119.0 624.4 156.5
CLO ACE 3 CLOSTERIUM ACEROSUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CLO ACU 3 CLOSTERIUM ACUTUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CLO DIA 3 CLOSTERIUM DIANAE -- -- -- -- -- -- 22.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 29.2 --
CLO INC 3 CLOSTERIUM INCURVUM -- -- -- -- -- -- 113.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CLO LUN MA 3 CLOSTERIUM LUNULA V MASSARTII -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CLO PAR 3 CLOSTERIUM PARVULUM -- -- -- -- -- 121.4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COC PLA 4 COCCONEIS PLACENTULA -- -- -- -- -- -- -- -- 14.1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COC PLA EU 4 COCCONEIS PLACENTULA V EUGLYPTA -- -- -- -- -- -- -- -- 15.5 -- -- -- -- -- -- -- -- -- -- -- -- -- 28.6 --
COC PLA LI 4 COCCONEIS PLACENTULA V LINEATA 8.4 26.9 -- -- -- -- -- 25.9 449.4 -- -- -- 19.6 60.7 -- -- -- -- 29.0 -- 74.8 145.2 -- --
COE KUE 1 COELOSPHAERIUM KUETZINGIANUM -- -- -- -- -- -- -- -- -- -- -- 1276.9 -- -- -- -- -- -- -- -- -- -- -- --
COE MIC 3 COELASTRUM MICROPORUM -- -- 447.2 -- 226.9 -- 92.2 -- -- -- -- -- 2160.6 -- -- -- 1834.2 -- 29.0 -- -- 20.0 97.1 --
COE SPH 3 COELASTRUM SPHAERICUM 89.9 421.6 -- -- 214.3 75.5 -- -- -- 106.0 -- 194.5 78.8 -- 29.7 -- 92.4 -- 1026.3 4878.7 -- 232.6 -- 534.3
COS ANG CO 3 COSMARIUM ANGULOSUM V CONCINNUM -- 13.8 -- -- -- -- -- -- -- -- -- -- -- -- -- 50.2 -- 27.6 -- 29.8 -- -- -- 26.1
COS BAC 3 COSMARIUM BACCATUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 29.2 --

Treatment
1 2 3 4 5 6
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EXHIBIT C-25
Porta-PSTA Average Algal Cell Counts (# cells/m2 x 10-6), April 1999 - March 2000

Organism Division 7 8 9 10 11 12
Code Code Organism PP-9 PP-11 PP-18 PP-4 PP-7 PP-8 PP-12 PP-14 PP-17 PP-3 PP-5 PP-10 PP-2 PP-13 PP-16 PP-1 PP-6 PP-15 PP-19 PP-20 PP-21 PP-22 PP-23 PP-24

Treatment
1 2 3 4 5 6

COS BLY HO 3 COSMARIUM BLYTTII V HOFFII? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 18.4 -- --
COS BOT 3 COSMARIUM BOTRYTIS -- -- -- -- -- -- -- -- 14.0 -- -- 20.5 -- -- -- -- -- -- -- -- -- -- -- --
COS CON 3 COSMARIUM CONTRACTUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS GRA 4 COSCINODISCUS GRANII -- -- -- -- -- -- -- -- -- 243.0 36.6 -- -- -- -- -- -- -- -- -- -- -- -- --
COS GRAN 3 COSMARIUM GRANATUM -- -- -- 54.4 -- -- -- -- -- -- -- -- -- -- -- 68.6 -- -- -- 236.2 -- -- -- --
COS IMP 3 COSMARIUM IMPRESSULUM -- -- -- -- -- -- -- -- 28.7 -- -- -- -- -- -- -- -- -- -- 236.2 -- 20.0 -- --
COS MON 3 COSMARIUM MONILIFORME -- -- -- -- 226.9 -- -- -- -- -- -- -- -- -- -- -- 114.9 -- -- -- -- -- -- --
COS NIT JA 3 COSMARIUM NITIDULUM V JAVANICUM -- -- -- 116.9 362.0 -- -- -- -- -- -- -- -- -- -- -- 229.1 -- -- -- -- -- -- --
COS ORB 3 COSMARIUM ORBICULATUM -- 52.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS ORN 3 COSMARIUM ORNATUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS ORT 3 COSMARIUM ORTHOSTICHUM -- -- -- -- -- -- -- -- -- -- -- 10.4 -- -- -- -- -- -- -- -- -- -- -- --
COS POK 3 COSMARIUM POKORNYANUM -- -- -- -- -- -- -- -- -- -- -- -- 18.1 -- -- -- -- -- -- -- -- -- -- --
COS POR 3 COSMARIUM PORTIANUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 135.4 -- -- -- -- --
COS PUN 3 COSMARIUM PUNCTULATUM 56.8 -- -- -- -- -- -- 60.7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS REN 3 COSMARIUM RENIFORME -- -- -- -- 57.7 14.4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS SUBR 3 COSMARIUM SUBRENIFORME 56.8 41.6 28.8 119.2 369.6 40.8 113.1 50.7 291.4 27.1 26.2 82.6 353.4 109.9 42.3 183.8 43.8 39.2 111.6 609.9 -- 59.1 25.7 36.3
COS TEN 3 COSMARIUM TENUE -- 27.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 58.0 -- --
COS TRI 3 COSMARIUM TRILOBULATUM -- -- -- 116.9 -- -- -- 25.9 24.3 -- -- -- 25.2 51.6 -- -- -- 26.0 -- -- -- -- -- --
COS TUB 3 COSMOCLADIUM TUBURCULATUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS UND MI 3 COSMARIUM UNDULATUM V MINUTUM -- -- -- -- -- -- -- -- 24.3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS VEN EX 3 COSMARIUM VENUSTUM V EXCAVATUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 58.0 132.0 --
CRU API 3 CRUCIGENIA APICULATA -- 414.8 695.5 -- -- -- -- -- -- 111.3 -- -- -- -- -- -- -- -- -- -- -- -- -- --
CRU CRU 3 CRUCIGENIA CRUCIFERA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CRU QUA 3 CRUCIGENIA QUADRATA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CRU TET 3 CRUCIGENIA TETRAPEDIA -- 133.8 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 72.8 -- --
CRY ERO 11 CRYPTOMONAS EROSA 15.5 -- -- 54.4 -- -- -- 103.0 -- -- 71.6 -- -- 26.6 5.5 -- -- 67.2 -- -- -- 5.4 6.6 --
CRY OVA 11 CRYPTOMONAS OVATA -- -- -- -- -- 9.2 -- -- 14.5 -- -- -- -- -- -- -- -- -- -- 115.1 -- 5.4 -- 26.1
CYC MEN 4 CYCLOTELLA MENEGHINIANA 64.9 25.8 29.6 121.4 22.0 -- 19.4 -- 297.3 9.2 -- 68.8 15.4 55.6 -- 35.9 -- -- -- -- 15.7 53.8 6.6 17.0
CYL CLO 4 CYLINDROTHECA CLOSTERIUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 25.5 -- -- -- -- -- --
CYL MIN 1 CYLINDROSPERMUM MINUTUM? -- -- -- -- -- 2446.2 -- -- -- 1457.7 -- -- -- -- -- -- -- -- -- -- 1376.7 -- -- --
CYL MUS 1 CYLINDROSPERMUM MUSCICOLA? -- -- -- -- -- -- -- -- -- 640.5 -- -- -- -- -- -- -- -- -- -- -- -- -- --
CYL STA 1 CYLINDROSPERMUM STAGNALE -- -- -- -- -- -- 1920.2 -- 7287.1 -- -- -- -- -- -- -- -- 4232.2 -- -- -- -- -- --
CYM ASP 4 CYMBELLA ASPERA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 14.9 -- -- --
CYM MIC 4 CYMBELLA MICROCEPHALA 18.6 71.2 93.9 60.9 165.1 70.9 206.5 66.8 84.5 27.1 207.9 107.3 418.3 60.7 369.7 95.0 300.6 284.1 391.1 363.5 55.4 148.8 36.6 42.7
CYM MIN PS 4 CYMBELLA MINUTA V PSEUDOGRACILIS 154.2 53.7 29.6 77.0 110.5 229.2 24.0 53.2 18.8 84.2 183.9 145.5 372.3 110.5 45.3 270.2 79.9 27.3 128.2 119.8 7.1 -- 28.6 21.7
DEN KUE 4 DENTICULA KUETZINGII -- 27.2 -- -- -- -- -- -- 126.5 -- -- -- -- -- -- -- 64.6 -- -- 239.6 96.8 29.0 -- 63.8
DIC PUL 3 DICTYOSPHAERIUM PULCHELLUM -- -- 55.6 -- -- 2429.6 -- -- -- -- -- -- -- -- -- 49.2 1294.3 -- -- -- -- -- -- --
DIN CYL 5 DINOBRYON CYLINDRICUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 31.2 -- -- -- -- -- -- -- --
DIN SER 5 DINOBRYON SERTULARIA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 344.6 -- -- -- -- -- -- -- --
DIP ELL 4 DIPLONEIS ELLIPTICA -- -- -- -- -- -- -- 57.1 5.9 -- -- -- -- -- -- -- 11.3 -- -- -- -- -- -- --
DIP OBL 4 DIPLONEIS OBLONGELLA 29.5 66.7 166.0 -- 690.5 14.4 245.7 97.3 161.3 121.4 -- 129.2 -- 37.0 -- 76.3 79.9 27.6 71.1 -- 109.9 74.8 216.3 154.3
DIP OVA 4 DIPLONEIS OVALIS 50.8 80.6 49.6 94.9 120.9 98.4 149.6 54.6 88.7 18.3 352.4 64.6 -- 161.5 -- 34.5 177.4 53.1 609.9 -- 27.2 66.6 234.6 83.1
DIP PARM 4 DIPLONEIS PARMA -- -- -- -- -- -- -- -- -- -- -- -- 9.4 -- -- -- -- -- -- -- -- -- -- --
DIP SMI 4 DIPLONEIS SMITHII -- -- 431.7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
ELA GEL 3 ELAKATOTHRIX GELATINOSA -- -- -- -- 227.8 145.2 -- -- -- -- -- -- -- -- 168.4 -- 47.0 -- -- 235.8 -- -- -- --
ENC EVE 4 ENCYONEMA EVERGLADIANUM 241.5 376.8 177.9 702.7 3767.1 1337.8 212.4 247.1 265.1 1242.5 4945.6 1080.0 1853.2 814.9 3158.6 502.5 1973.9 1430.9 1737.6 939.3 109.8 1529.4 1248.2 85.6
ENC HEB 4 ENCYONEMA HEBRIDICA -- -- -- -- -- -- -- 14.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
ENC LUN 4 ENCYONEMA LUNATUM 113.6 114.9 564.0 -- 176.4 45.1 85.5 127.9 164.2 106.0 79.0 140.6 19.6 167.5 23.9 146.0 300.4 25.8 29.0 29.8 149.7 79.1 -- 6.6
ENC MIN 4 ENCYONEMA MINUTUM -- 27.2 29.6 -- 57.7 -- 14.5 -- 14.0 -- -- -- -- -- -- 36.7 -- -- 119.5 -- 15.2 -- -- --
ENC MUE 4 ENCYONEMA MUELLERI -- -- -- -- -- -- -- -- -- -- 141.3 -- -- -- -- -- -- -- -- -- -- -- -- --
ENC SIL 4 ENCYONEMA SILESIACUM 28.8 52.5 -- -- -- -- 22.5 81.1 14.1 -- -- -- -- -- 649.2 36.6 -- 53.1 -- -- -- 17.6 -- 19.9
ENC SIL EL 4 ENCYONEMA SILESIACUM V ELEGANS -- 33.3 216.1 -- -- 121.4 -- 60.7 -- -- -- -- -- 60.7 1868.9 -- -- 609.9 609.9 -- -- 132.1 369.6 --
EPI ADN 4 EPITHEMIA ADNATA -- 33.3 -- -- -- -- -- -- -- -- -- -- -- -- -- 34.1 -- -- -- -- -- -- -- --
EUA ABR MI 3 EUASTRUM ABRUPTUM F MINOR -- -- -- -- -- 55.8 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
EUA BID 3 EUASTRUM BIDENTATUM -- -- -- 116.9 -- -- -- -- -- 115.3 -- -- -- -- -- 121.4 -- -- 128.2 -- -- -- -- --
EUA COR ME 3 EUASTRUM CORNUBIENSE V MEDIANUM 58.6 -- -- 79.2 -- -- -- 89.5 -- -- -- 30.5 350.8 -- -- -- 55.2 52.9 52.7 281.6 -- 5.4 32.3 --
EUA TUR ST 3 EUASTRUM TURNERI V STRICTUM -- -- -- -- -- -- -- 75.8 -- -- -- 16.2 -- -- -- -- -- -- -- -- -- -- -- --
EUC MIN 1 EUCAPSIS MINOR -- -- -- -- -- -- -- -- -- -- -- -- -- 1877.8 -- -- -- 2257.2 -- -- -- -- 230.1 472.8
EUD ELE 3 EUDORINA ELEGANS -- -- -- -- -- -- 923.1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
EUG ACU 10 EUGLENA ACUS -- 80.6 -- -- -- -- -- -- -- -- -- -- 5.3 -- -- -- -- -- -- -- 9.9 -- 28.6 5.8
EUG OXY MI 10 EUGLENA OXYURIS V MINOR -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
EUN PEC 4 EUNOTIA PECTINALIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
EUN PEC MI 4 EUNOTIA PECTINALIS V MINOR -- -- -- -- -- -- 67.6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
FRA CAP 4 FRAGILARIA CAPUCINA -- -- -- 120.4 -- -- -- 68.6 -- 27.7 127.2 -- 18.2 -- -- 28.4 55.2 -- -- -- -- -- -- --
FRA CAP GR 4 FRAGILARIA CAPUCINA V GRACILIS 461.7 38.9 -- -- 56.3 688.6 -- -- -- 76.5 26.2 142.3 -- 13.3 110.6 243.3 111.1 -- -- -- 19.9 75.9 -- --
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FRA CRO 4 FRAGILARIA CROTONENSIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
FRA DEL 4 FRAGILARIA DELICATISSIMA -- -- -- -- -- -- -- -- -- -- -- -- -- -- 12.0 -- -- -- -- -- -- 20.0 -- --
FRA FAM 4 FRAGILARIA FAMELICA 73.8 148.7 119.0 58.3 366.3 267.6 56.2 94.6 80.1 115.3 848.9 125.0 38.8 -- 31.9 162.0 160.8 131.1 93.8 49.8 -- 48.1 -- 5.8
FRA FAS 4 FRAGILARIA FASCICULATA? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
FRA NAN 4 FRAGILARIA NANANA? 648.1 -- -- 121.4 609.9 -- 113.5 68.6 -- 407.8 -- 1375.1 993.5 -- 609.9 -- -- 282.2 340.5 -- -- 315.3 -- 66.9
FRA OVA 3 FRANCEIA OVALIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- 28.0 -- -- -- 59.4 49.8 -- -- -- --
FRA SYN 4 FRAGILARIA SYNEGROTESCA 263.6 167.4 112.7 104.4 235.1 195.1 146.0 230.2 161.0 207.4 1054.4 367.1 372.9 209.0 1194.9 338.3 350.9 228.8 435.0 390.1 111.5 492.1 266.4 69.5
FRA TEN 4 FRAGILARIA TENERA -- -- -- -- -- -- -- 28.4 11.8 -- -- -- -- 334.9 3.5 -- -- 76.9 -- -- -- -- -- --
FRA ULN 4 FRAGILARIA ULNA -- -- -- -- 57.7 -- 23.7 25.2 291.4 -- -- 28.5 -- -- -- -- -- -- 29.0 59.6 12.0 -- -- --
G ACH 4 ACHNANTHES SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G AMP 4 AMPHORA SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G ANA 1 ANABAENA SP -- 1185.4 -- 765.7 1579.8 1895.6 198.5 551.6 -- -- 2701.3 371.4 3842.6 -- 1294.5 558.4 6272.3 2417.5 7465.7 2771.8 -- 610.9 401.6 --
G ANAB 1 ANABAENOPSIS SP -- -- 139.8 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G APH 1 APHANOCAPSA SP -- -- -- -- -- -- -- -- 6121.1 -- -- -- -- -- -- -- -- 13618.3 -- -- -- -- -- --
G APHA 1 APHANOTHECE SP -- -- -- -- 3242.2 170.9 855.5 -- -- 1132.5 -- -- -- -- -- 599.1 906.9 1435.9 -- -- -- 158.2 -- --
G BUL 3 BULBOCHAETE SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G CHI 11 CHILOMONAS SP -- -- -- -- -- -- -- -- -- -- -- -- 9.2 -- -- -- -- -- -- -- -- -- -- --
G CHL 3 CHLORELLA SP -- 54.8 -- -- -- -- 92.2 -- -- -- -- -- 9.2 -- -- -- -- -- -- -- -- -- -- --
G CHLA 3 CHLAMYDOMONAS SP -- -- -- -- -- 21.3 45.2 -- -- -- -- -- -- -- -- 54.6 -- -- -- -- -- 5.4 -- 26.1
G CHLR 3 CHLOROGONIUM SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- 7.6 -- -- -- -- -- -- -- -- --
G CHR 1 CHROOCOCCUS SP 89.9 135.1 -- -- -- -- 200.7 104.1 23.6 91.4 -- 113.0 54.8 518.1 7.6 -- 18177.2 769.3 238.2 -- -- 115.1 38.8 --
G CHRM 11 CHROOMONAS SP -- -- -- -- -- -- -- -- -- -- -- -- -- 13.3 -- -- -- -- -- -- -- 129.4 -- --
G CLO 3 CLOSTERIUM SP -- -- -- 18.4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G COS 3 COSMARIUM SP 56.8 20.4 -- -- 226.9 -- -- 62.3 -- 17.8 26.2 -- -- -- -- -- -- -- 29.0 29.8 -- -- -- --
G CRY 11 CRYPTOMONAS SP -- -- -- -- 56.8 28.2 -- -- -- -- -- -- -- 35.4 -- -- 9.1 -- -- -- -- -- -- --
G CYC 4 CYCLOTELLA SP -- -- -- -- -- -- -- -- -- -- -- -- -- 13.3 -- -- 207.6 -- -- -- -- -- -- --
G CYL 1 CYLINDROSPERMUM SP 3006.7 4937.9 2409.8 3920.0 15663.2 11174.0 8081.7 3733.8 15101.1 16116.4 6465.6 10248.6 10471.1 5770.5 10268.2 3330.8 6586.2 8227.9 9281.2 15079.4 996.1 1759.9 3580.1 5541.1
G CYM 4 CYMBELLA SP -- -- -- -- 12.2 -- -- -- 23.6 -- -- -- -- -- -- 73.7 -- -- -- -- -- -- -- 13.3
G DIP 4 DIPLONEIS SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G EUA 3 EUASTRUM SP -- -- -- -- -- -- 21.9 -- -- -- -- -- 55.9 -- -- -- -- -- -- -- -- -- 12.1 --
G EUG 10 EUGLENA SP 22.3 27.0 19.3 29.1 22.0 31.0 22.2 21.2 17.2 9.2 -- -- 9.4 -- 20.3 18.4 637.4 26.0 -- -- 66.2 43.5 -- 34.0
G EUN 4 EUNOTIA SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G FRA 4 FRAGILARIA SP -- -- -- -- 36.7 -- -- -- -- -- -- -- -- -- -- -- -- -- 233.0 -- -- -- -- --
G GLO 1 GLOEOCAPSA SP 46.0 1164.0 2590.9 863.4 357.2 1816.5 207.9 258.6 179.0 608.7 13110.8 263.9 3061.2 1095.7 1255.7 862.4 2040.7 564.2 4351.0 7407.8 -- 188.0 9088.8 --
G GLOE 3 GLOEOCYSTIS SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- 96.4 -- 413.0 -- -- -- -- -- -- --
G GLOT 1 GLOEOTHECE SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 137.1 -- -- -- -- -- -- -- --
G GOMP 1 GOMPHOSPHAERIA SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4186.8 -- 660.8 --
G GYR 4 GYROSIGMA SP 56.8 27.7 -- -- -- -- -- 14.2 17.7 -- -- -- -- -- -- -- -- 25.5 -- -- -- -- -- --
G LYN 1 LYNGBYA SP 307.4 -- -- -- 245.6 -- 11.5 -- -- 173.6 1071.6 -- -- 14512.1 -- -- 113.5 4153.7 1165.6 358.9 -- -- 174.9 --
G LYN ME 1 LYNGBYA SP (MEDIUM) -- -- -- -- -- -- -- -- -- -- 10510.0 -- -- -- -- -- -- 2006.0 -- 1195.0 -- -- -- 523.5
G LYN SM 1 LYNGBYA SP (SMALL) -- -- 890.8 4615.9 29693.6 5381.3 5550.4 1764.7 187.2 98261.2 20870.7 12032.2 17765.1 5899.6 4571.0 31592.8 4583.6 8432.6 4621.9 22758.0 -- 491.0 9149.3 1093.9
G MES 3 MESOTAENIUM SP? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G MICRO 1 MICROCYSTIS SP -- -- -- -- -- -- -- -- -- -- 684.1 -- -- -- -- -- -- -- -- -- -- -- -- --
G MOU 3 MOUGEOTIA SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 34.3 -- -- -- -- --
G NAV 4 NAVICULA SP -- 41.0 -- -- -- -- -- -- 17.7 -- -- -- 5.3 -- -- -- -- -- -- -- -- -- -- --
G NAV SM 4 NAVICULA SP (SMALL) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 14.9 -- -- 28.2
G NIT 4 NITZSCHIA SP 92.5 -- -- -- 24.4 42.6 -- 28.4 41.6 96.7 187.4 121.6 26.6 111.9 7.6 73.7 11.3 25.5 174.9 209.2 149.7 158.2 9.8 13.3
G NIT ME 4 NITZSCHIA SP (MEDIUM) 56.8 52.5 29.6 -- -- -- 47.6 56.8 -- 28.5 -- -- -- -- 28.0 54.6 -- -- -- 609.9 21.8 37.8 -- 26.1
G NIT SM 4 NITZSCHIA SP (SMALL) 37.1 79.1 8.9 -- -- 70.5 110.1 25.9 503.0 121.4 243.5 30.5 19.6 112.5 31.5 72.3 23.5 337.6 116.1 -- 32.9 592.9 327.2 38.4
G OED 3 OEDOGONIUM SP 3135.4 135.1 -- -- -- -- -- 199.7 48.8 -- -- 106.3 -- -- -- -- -- -- 642.5 -- 114.8 2337.1 38.8 --
G OOC 3 OOCYSTIS SP -- 27.7 -- -- -- -- -- -- -- -- -- -- -- 55.6 -- -- -- -- -- -- -- -- -- --
G OSC 1 OSCILLATORIA SP 184.4 -- -- -- 367.8 1004.9 -- 427.6 35.4 -- 723.4 2550.6 -- -- 55.8 2456.0 -- 1794.7 2623.1 268.8 6504.5 534.5 874.6 226.9
G OSC ME 1 OSCILLATORIA SP (MEDIUM) 3095.0 1811.0 167.6 3533.5 7752.5 4526.1 1919.5 148.9 963.6 1214.8 1227.5 2352.2 9425.6 1469.4 -- 2656.3 924.6 2338.2 2439.3 3597.6 -- -- 132.2 --
G OSC SM 1 OSCILLATORIA SP (SMALL) 1056.8 1524.2 1207.3 4558.0 11141.9 10121.7 6585.7 2436.0 4429.8 16924.9 32629.7 2156.0 7822.5 3982.9 9805.7 3584.0 6161.9 4941.0 9057.0 12781.4 1388.4 454.6 2197.0 691.3
G PER 12 PERIDINIUM SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 11.3 -- -- -- -- -- 9.8 --
G PIN 4 PINNULARIA SP 15.5 -- -- -- -- -- -- 28.4 5.9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G PLEUR 3 PLEUROTAENIUM SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G SCY 1 SCYTONEMA SP? 2622.3 -- -- 7521.8 2505.1 -- 16097.5 7342.0 812.5 55523.2 13472.2 9251.9 35803.7 62.9 -- 485.9 -- -- -- 5006.5 -- -- 8262.4 --
G SPI 3 SPIROGYRA SP -- -- -- -- -- -- -- 100.9 25.5 -- -- -- -- -- -- -- -- -- 68.6 -- 458.7 -- -- --
G STAU 3 STAURASTRUM SP -- -- -- -- -- -- 14.5 -- 17.6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G TET 3 TETRAEDRON SP -- -- -- -- -- -- -- -- -- -- -- -- 10.6 -- -- -- -- -- -- -- -- -- -- --
G ULO 3 ULOTHRIX SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 599.6 -- -- -- --
GLO AER 1 GLOEOCAPSA AERUGINOSA -- -- -- -- 48.9 -- -- -- -- -- 267.8 -- -- -- -- -- -- -- -- -- -- -- -- --
GLO LIN 1 GLOEOTHECE LINEARIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3641.5 -- -- -- --
GLO PUN 1 GLOEOCAPSA PUNCTATA -- -- -- -- -- -- -- -- 112.4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
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GLO RUP 1 GLOEOCAPSA RUPESTRIS -- -- -- -- -- -- -- -- -- -- -- -- 674.0 -- -- -- -- -- -- -- -- -- -- --
GOL RAD 3 GOLENKINIA RADIATA -- -- -- -- 12.2 -- 23.0 -- -- -- -- -- 9.4 -- -- -- -- -- -- -- -- -- -- --
GOM AFF IN 4 GOMPHONEMA AFFINE V INSIGNE -- -- -- -- 56.3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
GOM APO 1 GOMPHOSPHAERIA APONINA -- 2583.9 1929.7 5768.7 -- 1539.3 7055.7 5072.1 3394.4 -- -- 778.5 -- -- 264.6 2202.7 1292.2 -- -- -- 1147.0 -- 702.3 5879.2
GOM DIC 4 GOMPHONEMA DICHOTOMUM -- -- -- -- 24.4 -- -- -- -- -- -- -- -- -- -- -- 11.3 -- -- -- -- -- -- --
GOM GRA 4 GOMPHONEMA GRACILE -- -- -- -- -- -- -- -- -- -- -- -- -- 111.9 -- -- -- -- -- -- -- -- -- --
GOM INT VI 4 GOMPHONEMA INTRICATUM V VIBRIO 43.6 29.1 29.6 121.4 -- -- 33.9 64.6 51.6 -- -- 135.7 -- 8.5 -- 121.4 64.6 -- -- -- 7.1 32.3 72.9 --
GOM PAR 4 GOMPHONEMA PARVULUM -- -- -- -- 120.9 -- -- 42.6 152.1 -- -- -- -- -- 307.7 12.2 -- -- 59.4 -- -- 167.0 -- 47.5
GON MUT 7 GONIOCHLORIS MUTICA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
GYR ACU 4 GYROSIGMA ACUMINATUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
GYR NOD 4 GYROSIGMA NODIFERUM -- 116.1 29.0 -- -- -- 28.8 25.2 33.9 -- -- -- -- -- -- -- -- -- -- -- 16.9 -- -- 27.0
GYR OBS 4 GYROSIGMA OBSCURUM? 71.4 54.0 132.7 -- -- -- 24.2 -- 63.4 -- -- -- -- -- -- 121.4 -- -- -- -- 122.3 -- -- 81.2
GYR SPE CU 4 GYROSIGMA SPENCERI V CURVULA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
HAN VIV 4 HANTZSCHIA VIVAX -- 43.2 -- -- -- -- -- 61.8 15.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
JOH PEL 1 JOHANNESBAPTISTIA PELLUCIDA 1290.7 2246.6 5512.0 2045.5 940.9 -- 2331.4 2043.0 930.5 1863.1 1597.0 629.8 -- 1769.1 5488.6 14002.6 2977.9 2273.6 4394.6 12370.4 -- -- 900.4 8100.5
KIR LUN 3 KIRCHNERIELLA LUNARIS 15.5 -- -- -- -- 21.3 68.6 -- 33.6 -- -- 687.6 9.4 -- -- 60.2 356.8 -- -- 351.6 7.1 -- 38.2 6.6
KIR OBE 3 KIRCHNERIELLA OBESA -- -- -- -- 1381.0 -- -- -- 115.2 -- -- -- -- -- -- -- -- -- -- 173.9 -- -- -- 31.7
LEM PAL 1 LEMMERMANNIELLA PALLIDA -- 5020.0 11573.0 -- 33143.6 -- -- -- -- -- -- -- -- 2915.5 -- 1943.7 -- -- -- -- -- -- -- --
LYN AER 1 LYNGBYA AERUGINEO-CARULEA? -- -- 496.0 1946.5 -- -- 3767.8 2110.2 -- 12656.7 4998.5 7677.5 30492.0 3441.0 46820.2 563.6 -- -- 21445.8 5201.2 -- 2256.2 6018.4 502.2
LYN AES 1 LYNGBYA AESTUARII 1400.7 -- -- -- -- -- -- 9032.5 3109.0 6283.9 3310.9 -- -- -- -- -- -- -- -- -- -- -- -- --
LYN BIR 1 LYNGBYA BIRGEI -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 10302.8 -- -- -- -- --
LYN EPI 1 LYNGBYA EPIPHYTICA -- -- -- -- -- -- -- -- -- 3093.8 18719.3 4859.1 -- 81797.4 -- 12876.6 -- -- 14659.4 23783.7 -- -- -- --
LYN LAG 1 LYNGBYA LAGERHEIMII 2163.0 3946.9 4467.9 6995.4 14747.9 16673.9 8298.1 2608.0 3561.9 2445.2 10914.1 5711.8 9720.6 10444.1 13337.6 6772.6 11062.5 9246.8 82137.9 81696.5 -- 4690.3 22033.1 1419.4
LYN LIM 1 LYNGBYA LIMNETICA 388.4 -- 3238.7 20661.5 93137.7 43946.7 7932.6 7464.2 11886.2 177577.2 212816.2 85044.4 131937.3 62970.7 85828.7 66960.2 168343.0 151579.7 79714.4 171618.0 -- 5000.5 91793.3 2153.6
LYN LIM 1 LYNGBYA LIMNETICA? 865.1 -- 1211.0 25340.2 16088.4 4644.5 450.7 484.1 -- 16777.7 5657.9 1310.7 935.5 6120.1 3406.0 2368.6 4508.9 7218.6 15195.0 17961.4 -- -- 2047.3 26.1
LYN PER 1 LYNGBYA PERELEGANS? -- -- -- -- -- 1232.6 -- -- -- -- 6224.8 2277.2 4878.7 880.4 -- -- 2293.2 12782.7 12735.1 -- -- -- -- --
LYN SUB 1 LYNGBYA SUBTILIS -- -- -- -- -- -- 22.5 -- -- -- -- -- -- 222.8 -- -- -- -- -- -- -- -- -- --
MAS LANC 4 MASTOGLOIA LANCEOLATA 69.1 134.1 59.4 164.7 233.8 254.5 83.7 77.9 65.3 230.4 640.5 170.4 322.6 212.0 217.6 142.2 232.2 147.5 391.0 138.6 19.5 42.2 95.3 --
MAS SMI 4 MASTOGLOIA SMITHII 366.3 234.8 212.4 634.0 1269.0 1088.4 344.1 264.2 243.2 1433.8 4871.2 982.0 1590.1 760.4 1337.6 448.2 758.7 776.4 2187.5 705.9 68.5 441.4 1457.1 156.9
MAS SMI LA 4 MASTOGLOIA SMITHII V LACUSTRIS 72.2 143.7 206.3 529.4 1736.9 1411.0 112.9 187.2 195.4 1944.3 2448.5 1856.1 2187.8 444.8 1102.5 360.2 742.5 1180.3 1217.2 616.7 39.4 225.7 921.0 58.4
MER DUP 1 MERISMOPEDIA DUPLEX -- -- -- -- -- -- -- -- -- -- -- 1034.2 -- -- -- 292.2 -- -- -- -- -- -- -- --
MER GLA 1 MERISMOPEDIA GLAUCA 159.0 980.7 990.3 273.5 1280.9 563.0 281.4 319.7 289.1 601.5 515.5 1687.7 689.3 1172.9 238.2 10611.9 746.6 584.0 1626.7 5401.9 -- 109.1 729.4 1581.1
MER PUN 1 MERISMOPEDIA PUNCTATA 223.9 1685.0 -- -- 9085.5 -- 350.1 -- 112.4 106.0 623.5 -- -- 1895.5 173.3 861.5 835.6 559.5 1021.3 -- -- 145.9 118.6 318.4
MER TEN 1 MERISMOPEDIA TENUISSIMA 299.6 1685.8 1784.7 273.5 81.6 414.1 214.0 547.7 332.4 1943.7 748.2 452.0 -- 2205.3 2221.9 727.0 1940.0 760.8 1238.1 1387.5 -- 543.5 1004.1 699.6
MIC AER 1 MICROCYSTIS AERUGINOSA 1230.8 -- -- 1094.1 1147.2 2244.5 301.3 -- -- 2076.9 1205.4 1651.8 28760.8 8322.2 384.1 3713.3 2713.2 3184.0 4894.5 7358.1 -- 3676.1 1760.7 --
MIC FIR 1 MICROCYSTIS FIRMA 1873.7 2499.8 1685.4 1572.7 3008.3 3137.6 1856.6 2553.4 6867.9 5684.8 1536.3 1338.9 1542.4 2859.0 8299.6 1561.1 8226.2 3415.0 5285.7 5977.8 -- 387.0 1144.6 2645.4
MIC FLO 1 MICROCYSTIS FLOS-AQUAE -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1117.6 -- -- -- -- -- -- -- --
MIC INC 1 MICROCYSTIS INCERTA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2145.7 3197.6 -- -- -- --
MIC PIN 3 MICRASTERIAS PINNATIFIDA -- 52.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
MIC SMI 1 MICROCYSTIS SMITHII 137.8 -- -- -- -- -- 1140.4 -- -- 755.6 -- -- -- -- -- -- -- -- 205.7 5976.5 -- -- -- --
NAV CRY 4 NAVICULA CRYPTOCEPHALA 40.2 20.4 29.6 150.7 149.4 56.9 62.5 -- 41.6 72.8 114.8 46.2 309.5 -- 649.2 76.7 161.9 96.0 293.6 363.3 62.9 105.7 9.8 21.4
NAV CRYP 4 NAVICULA CRYPTOTENELLA 68.4 133.6 249.2 92.8 229.8 144.6 46.0 80.2 76.5 47.1 174.9 84.8 38.2 111.5 177.3 85.1 145.1 299.6 259.1 115.1 88.1 123.4 79.7 61.9
NAV CUS 4 NAVICULA CUSPIDATA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 8.8 -- -- --
NAV PLA 4 NAVICULA PLACENTA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NAV POD 4 NAVICULA PODZORSKII 98.6 165.4 63.9 121.4 -- 116.9 101.0 76.8 25.5 -- -- 54.1 609.9 57.6 -- 121.4 55.2 -- -- -- -- 32.7 -- 22.3
NAV PUP CA 4 NAVICULA PUPULA V CAPITATA 89.9 128.3 59.1 121.4 -- -- 48.3 46.2 -- -- -- -- -- -- -- -- -- -- -- -- 74.8 -- -- --
NAV PUP RE 4 NAVICULA PUPULA V RECTANGULARIS 44.7 -- 59.4 -- -- -- 35.0 -- 61.3 -- -- -- -- -- -- -- -- -- -- -- 24.2 -- -- 24.1
NAV RAD 4 NAVICULA RADIOSA -- 215.7 -- -- -- -- 12.4 -- 5.9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 6.6
NAV RAD PA 4 NAVICULA RADIOSA V PARVA 12.1 175.5 -- -- -- 21.3 13.4 28.4 35.4 -- -- -- -- -- -- -- 23.5 -- -- 29.8 -- -- -- 22.3
NAV SUBR 4 NAVICULA SUBRHYNCHOCEPHALA -- -- -- -- -- -- -- -- -- 28.5 -- -- -- -- -- -- 23.5 -- -- -- -- -- -- --
NAV SUBT 4 NAVICULA SUBTILISSIMA -- -- -- -- -- -- -- 52.2 24.3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NEI AFF 4 NEIDIUM AFFINE -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 31.7
NIT ACI 4 NITZSCHIA ACICULARIS -- -- -- -- -- -- -- -- -- -- 63.7 -- -- -- -- -- -- -- 58.1 29.8 -- -- 22.2 --
NIT AMP 4 NITZSCHIA AMPHIBIA 8.8 27.2 -- -- -- 14.4 14.5 -- 874.6 -- -- -- 18.1 -- -- -- -- -- -- -- 18.7 -- -- --
NIT ANG 4 NITZSCHIA ANGUSTATA -- -- -- -- -- -- 23.7 62.7 14.1 -- -- -- -- -- -- -- -- -- -- -- 15.2 -- -- 29.0
NIT CON 4 NITZSCHIA CONSTRICTA 59.8 22.6 59.1 -- 44.0 29.7 13.4 22.8 20.1 21.1 63.7 22.3 49.9 55.6 13.7 51.3 17.4 25.5 -- 29.8 17.3 59.1 38.8 36.3
NIT DEN 4 NITZSCHIA DENTICULA? -- 108.2 445.0 -- -- -- 38.3 104.1 48.8 -- -- -- -- -- 47.8 -- -- -- -- -- 43.5 -- -- --
NIT DIS 4 NITZSCHIA DISSIPATA -- -- -- -- 12.2 -- 34.5 -- 5.9 -- -- 24.2 -- 111.9 1.7 51.3 -- 282.2 -- 29.8 -- 20.0 -- --
NIT FON 4 NITZSCHIA FONTICOLA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NIT FRU 4 NITZSCHIA FRUSTULUM 8.8 -- -- -- -- -- 395.6 -- -- 258.6 -- -- 5.3 -- -- -- -- -- 298.3 49.8 21.3 253.1 43.4 6.4
NIT GRA 4 NITZSCHIA GRACILIS -- -- -- -- -- -- 14.5 -- 14.0 -- -- -- 50.4 -- -- -- -- 83.0 -- -- -- 29.0 -- --
NIT GRAF 4 NITZSCHIA GRACILIFORMIS? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 14.9 -- -- --
NIT HUN 4 NITZSCHIA HUNGARICA? 8.8 -- -- -- -- -- -- -- -- -- -- 16.2 -- -- -- -- 64.6 -- -- -- 19.5 -- -- --
NIT IGN 4 NITZSCHIA IGNORATA -- -- -- -- -- -- 23.7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 20.0 19.6 6.6
NIT LEV 4 NITZSCHIA LEVIDENSIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
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EXHIBIT C-25
Porta-PSTA Average Algal Cell Counts (# cells/m2 x 10-6), April 1999 - March 2000

Organism Division 7 8 9 10 11 12
Code Code Organism PP-9 PP-11 PP-18 PP-4 PP-7 PP-8 PP-12 PP-14 PP-17 PP-3 PP-5 PP-10 PP-2 PP-13 PP-16 PP-1 PP-6 PP-15 PP-19 PP-20 PP-21 PP-22 PP-23 PP-24

Treatment
1 2 3 4 5 6

NIT MIC 4 NITZSCHIA MICROCEPHALA 15.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 15.2 -- -- --
NIT NAN 4 NITZSCHIA NANA -- 81.5 30.2 -- 57.7 -- 18.5 -- 14.0 -- -- -- 9.4 -- -- -- 126.3 -- 129.3 -- 32.1 17.2 -- 12.9
NIT OBT 4 NITZSCHIA OBTUSA -- -- -- -- -- -- -- -- 14.0 -- -- -- -- -- -- -- -- -- -- -- -- 59.1 -- --
NIT PAL 4 NITZSCHIA PALEA 25.6 41.7 30.2 70.3 45.3 223.0 30.6 55.1 31.1 678.1 103.8 69.5 320.7 146.1 58.1 29.8 77.6 68.7 89.4 -- 47.0 54.1 29.2 30.4
NIT PAL DE 4 NITZSCHIA PALEA V DEBILIS -- -- -- -- -- -- -- 156.3 -- -- -- -- -- -- -- -- -- 52.3 -- -- -- -- 64.6 --
NIT PALE 4 NITZSCHIA PALEACEA 15.3 205.6 54.0 87.9 363.0 104.2 58.6 28.2 13.4 295.4 1423.4 442.2 436.5 135.6 465.1 95.0 211.2 833.5 898.2 394.7 51.3 255.7 609.9 18.0
NIT PALF 4 NITZSCHIA PALEAFORMIS 78.8 387.1 88.4 193.9 687.7 313.0 58.3 85.3 68.8 390.0 567.5 135.1 159.0 474.0 94.1 392.9 382.9 471.3 1167.5 782.9 18.8 414.5 28.5 38.7
NIT PAR 4 NITZSCHIA PARVULA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NIT REV 4 NITZSCHIA REVERSA? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 35.3 6.6 --
NIT SEM 4 NITZSCHIA SEMIROBUSTA 937.3 792.1 349.1 161.4 108.6 251.7 208.6 185.8 349.8 41.8 272.1 147.2 193.4 87.2 370.0 216.1 615.8 35.3 671.0 351.1 163.9 580.3 66.0 695.5
NIT SER 4 NITZSCHIA SERIATA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NIT SERP 4 NITZSCHIA SERPENTIRAPHE 31.0 -- 57.7 73.0 324.6 266.6 22.5 94.0 42.0 66.2 36.6 40.4 68.9 166.3 207.6 25.5 78.3 52.9 783.2 239.6 -- 36.9 132.0 31.7
NIT SIGM 4 NITZSCHIA SIGMOIDEA -- -- -- -- -- -- -- 51.7 145.9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NIT VER 4 NITZSCHIA VERMICULARIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NOD SPU 1 NODULARIA SPUMIGENA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 4755.1 --
OED PUN 3 OEDOGONIUM PUNCTATOSTRIATUM 2916.2 -- -- 121.4 -- -- -- 446.5 -- -- -- -- 1662.3 -- -- -- -- 606.8 -- -- -- 653.4 -- --
OOC LAC 3 OOCYSTIS LACUSTRIS -- -- -- -- -- -- -- -- -- -- -- -- 18.2 -- -- 25.5 -- -- -- -- -- -- -- --
OOC PAR 3 OOCYSTIS PARVA 48.3 -- 119.0 87.6 -- 79.1 61.3 37.3 97.3 9.2 49.1 68.9 18.0 60.7 342.9 -- 46.3 659.1 286.2 469.8 71.5 102.5 41.1 6.5
OOC SOL 3 OOCYSTIS SOLITARIA 155.1 56.2 -- 582.8 -- -- 21.9 46.4 -- -- 230.5 13.3 18.1 35.9 28.6 87.6 64.6 53.1 -- 357.0 30.4 168.8 6.6 12.9
OPH CAP 7 OPHIOCYTIUM CAPITATUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
OSC AMP 1 OSCILLATORIA AMPHIBIA 296.2 8420.7 363.4 1188.5 2422.2 783.5 1440.2 3293.3 225.2 7062.1 42947.3 827.2 21423.1 10217.8 4991.0 636.0 -- 6841.5 4382.4 8981.1 1245.7 410.1 794.9 --
OSC AMPH 1 OSCILLATORIA AMPHIGRANULATA 274.3 -- -- -- 1768.1 56.5 -- -- -- -- 1470.9 -- 3629.1 -- 2037.0 270.4 -- -- 2052.9 7282.4 -- 218.5 -- --
OSC ANG 1 OSCILLATORIA ANGUSTISSIMA 1476.8 6467.0 995.1 13506.3 25247.1 17512.8 4980.4 7873.4 4130.4 51561.4 90333.8 9122.4 38909.1 12609.3 21347.5 11373.3 35802.2 31472.3 35492.7 37459.8 2681.4 2528.3 7525.0 1251.0
OSC FOR 1 OSCILLATORIA FORMOSA 975.3 778.8 2348.5 6981.7 9364.0 4775.3 1933.7 3074.3 916.6 26659.7 35029.8 8482.2 21589.1 15021.8 22743.3 3191.5 12569.8 11042.1 12399.8 14988.9 5737.3 1099.5 7553.9 851.9
OSC GEM 1 OSCILLATORIA GEMINATA -- -- -- -- -- -- -- -- -- -- 669.7 -- -- -- -- -- 362.7 -- -- -- -- -- -- --
OSC GRA 1 OSCILLATORIA GRANULATA -- -- -- -- -- -- -- -- -- -- -- -- 388.3 -- -- 1655.0 -- -- -- -- -- -- -- --
OSC LAC 1 OSCILLATORIA LACUSTRIS? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
OSC LEM 1 OSCILLATORIA LEMMERMANNI -- -- -- -- -- -- -- 416.7 -- -- -- -- -- 4154.4 -- -- -- -- -- -- -- -- -- --
OSC LIM 1 OSCILLATORIA LIMNETICA 3745.7 1707.2 10551.7 17142.8 61028.2 27951.5 9638.5 9512.5 10129.2 153819.0 330864.6 31798.2 62533.6 22275.2 104360.2 7399.8 42710.1 104326.7 40005.5 68909.9 2779.9 1835.2 60034.5 425.2
OSC LIM 1 OSCILLATORIA LIMNETICA? 4023.4 4081.4 1090.4 9433.6 24888.0 6791.5 1651.8 1808.5 1394.9 6583.6 13376.9 3435.5 3340.8 14053.1 7956.1 1254.0 3142.4 5826.8 40592.1 27077.1 1032.4 320.8 9611.3 524.0
OSC LIMO 1 OSCILLATORIA LIMOSA -- 1859.7 -- -- 5511.4 -- -- -- -- -- 4207.2 8149.7 2847.5 938.9 -- -- -- -- 19626.2 9456.9 -- 947.5 3698.5 700.6
OSC PRI 1 OSCILLATORIA PRINCEPS -- -- -- 4086.2 3192.1 2112.6 -- -- -- 1721.5 7500.4 -- -- -- -- -- -- -- -- 4594.9 -- -- -- --
OSC PRO 1 OSCILLATORIA PROLIFICA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
OSC QUA 1 OSCILLATORIA QUADRIPUNCTULATA -- 381.5 -- -- -- 691.7 437.3 -- 422.1 414.0 -- -- -- 785.6 -- -- -- -- -- -- -- -- -- --
OSC TEN 1 OSCILLATORIA TENUIS -- -- -- -- -- -- -- -- -- -- -- 331.4 -- -- -- -- -- -- -- -- -- -- -- 700.6
OSC WIL 1 OSCILLATORIA WILLEI? -- -- -- -- -- -- -- 3879.5 2040.2 -- -- -- -- 10811.6 -- -- -- 28052.2 -- -- -- -- -- --
PED OBT 3 PEDIASTRUM OBTUSUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 233.0 -- -- -- -- --
PED TET 3 PEDIASTRUM TETRAS -- -- -- -- -- -- -- -- -- -- 1131.6 -- -- -- -- -- -- 907.8 -- -- -- -- -- --
PED TET TE 3 PEDIASTRUM TETRAS V TETRAODON -- -- 247.6 -- -- -- -- 104.1 -- -- -- 61.4 -- -- -- -- 247.6 -- -- 478.4 -- -- -- --
PEL BAC 1 PELOGLOEA BACILLIFERA -- -- -- -- -- -- -- -- -- -- -- -- -- 8757.5 -- -- -- -- -- -- -- -- -- --
PER ACI 12 PERIDINIUM ACICULIFERUM -- -- -- -- -- -- -- -- -- -- -- -- 9.2 -- -- -- -- -- -- -- -- -- -- --
PER INC 12 PERIDINIUM INCONSPICUUM 6.8 -- 61.7 -- -- 55.8 -- -- -- -- -- -- 9.2 -- -- 21.3 -- -- -- 227.4 -- -- 29.2 26.1
PER PUS 12 PERIDINIUM PUSILLUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
PER PUS 12 PERIDINIUM PUSILUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
PIN ABA SU 4 PINNULARIA ABAUJENSIS V SUBUNDULATA -- -- 29.6 -- -- -- 12.4 -- 13.6 -- -- -- -- -- -- -- -- -- -- -- 41.2 -- -- 30.8
PIN BIC 4 PINNULARIA BICEPS -- 31.7 -- -- -- -- 13.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
PIN RUT 4 PINNULARIA RUTTNERI -- -- 216.1 -- -- -- -- -- 291.4 -- -- -- -- -- -- -- -- -- -- -- 229.6 -- -- --
PIN SOC 4 PINNULARIA SOCIALIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
PIN STR 4 PINNULARIA STREPTORAPHE -- -- -- -- -- -- -- 28.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
PIN VIR 4 PINNULARIA VIRIDIS -- -- -- -- -- -- -- -- 25.5 -- -- -- -- -- -- 25.5 -- -- -- -- 18.8 -- -- --
PIN VIR MI 4 PINNULARIA VIRIDULA V MINOR -- -- -- -- -- -- -- 49.7 -- -- -- -- -- -- -- -- -- -- -- -- 12.9 -- -- --
PLA LEP 4 PLAGIOTROPIS LEPIDOPTERA 15.5 -- 88.7 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 32.1 -- -- --
PLE DEL 4 PLEUROSIGMA DELICATULUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5.8
PLE SAL BO 4 PLEUROSIGMA SALINARUM V BOYERI -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 74.8 -- -- --
QUA CHO 3 QUADRIGULA CHODATI -- 35.1 -- -- -- -- -- -- -- -- -- -- -- -- 96.4 -- -- -- -- -- -- -- -- --
QUA LAC 3 QUADRIGULA LACUSTRIS -- -- -- -- -- -- -- -- 31.1 -- -- -- -- -- 3889.5 -- -- -- -- -- -- -- -- --
RAD IRR 3 RADIOFILUM IRREGULARE -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
RAD NIM 3 RADIOCOCCUS NIMBATUS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
RHA LIN 1 RHABDODERMA LINEARE? 1184.4 368.3 -- 12026.3 1219.7 850.3 6202.5 26083.2 520.4 258.6 -- -- 3895.1 2057.3 18065.7 319.4 -- 5135.0 -- -- -- -- 2439.3 --
RHO GIB VA 4 RHOPALODIA GIBBERULA V VANHEURCKII -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 239.6 -- 57.2 -- --
RHO GIB VE 4 RHOPALODIA GIBBA V VENTRICOSA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 93.8 49.8 -- -- -- --
RHO GIBA 4 RHOPALODIA GIBBA 55.8 56.5 29.6 24.6 72.2 60.6 12.4 37.3 -- 78.8 77.1 62.8 34.3 150.7 238.4 80.3 103.5 114.9 385.9 208.9 -- 101.9 23.9 5.8
SCE ACU 3 SCENEDESMUS ACUMINATUS -- -- -- -- -- -- -- -- 62.5 -- -- -- -- 234.5 -- -- -- -- -- 199.7 -- -- -- --
SCE ARM 3 SCENEDESMUS ARMATUS 86.5 -- -- -- -- 28.7 -- -- -- -- -- -- -- 421.6 -- -- -- -- 208.0 100.1 -- -- -- --
SCE BIJ 3 SCENEDESMUS BIJUGA 173.4 105.4 258.1 120.4 242.3 187.1 207.5 198.9 260.8 1093.5 357.1 828.2 434.6 296.2 341.9 141.2 382.8 437.5 395.7 378.6 78.2 117.0 342.5 114.7
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EXHIBIT C-25
Porta-PSTA Average Algal Cell Counts (# cells/m2 x 10-6), April 1999 - March 2000

Organism Division 7 8 9 10 11 12
Code Code Organism PP-9 PP-11 PP-18 PP-4 PP-7 PP-8 PP-12 PP-14 PP-17 PP-3 PP-5 PP-10 PP-2 PP-13 PP-16 PP-1 PP-6 PP-15 PP-19 PP-20 PP-21 PP-22 PP-23 PP-24

Treatment
1 2 3 4 5 6

SCE BIJ AL 3 SCENEDESMUS BIJUGA V ALTERNANS -- -- -- 428.2 603.1 -- 140.2 -- 62.5 -- 397.2 -- -- 446.3 236.6 343.7 188.5 -- 2172.7 -- -- 341.6 463.2 104.6
SCE BRE 3 SCENEDESMUS BREVISPINA -- -- -- -- 241.1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
SCE DEN 3 SCENEDESMUS DENTICULATUS -- 84.4 -- -- 634.3 -- 364.5 -- 115.2 -- 285.9 -- -- -- 11.0 241.4 45.4 -- 116.9 29.8 -- -- -- 191.9
SCE DIM 3 SCENEDESMUS DIMORPHUS -- -- 120.2 117.3 24.4 -- -- -- -- -- 277.0 79.2 -- -- 47.8 -- -- -- 297.0 -- -- -- -- --
SCE OBL 3 SCENEDESMUS OBLIQUUS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 26.3 --
SCE QUA 3 SCENEDESMUS QUADRICAUDA 65.8 1943.5 91.7 -- -- -- -- -- -- 116.0 -- 32.3 71.9 701.1 172.5 34.1 -- -- 256.3 159.8 298.8 119.0 -- --
SCE SEM 3 SCENEDESMUS SEMIPULCHER -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
SCE SOL 3 SCENEDESMUS SOLI? -- -- -- -- -- -- -- 101.8 -- -- -- 53.3 -- 58.5 -- -- -- -- -- -- -- 72.8 -- --
SCE SUB 3 SCENEDESMUS SUBSPICATUS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
SCH ARE 1 SCHIZOTHRIX ARENARIA? 1032.6 234.2 -- 10447.1 60374.0 5830.9 7569.0 5431.3 6412.9 -- 159490.6 517.3 22583.8 2915.5 176853.3 41381.0 35042.6 22072.3 15429.8 91475.8 -- -- 83547.9 --
SCH CAL 1 SCHIZOTHRIX CALCICOLA -- -- -- -- -- -- -- -- -- -- -- -- -- 414.8 -- -- -- -- -- -- -- -- -- --
SCH SET 3 SCHROEDERIA SETIGERA 8.8 -- -- 52.2 119.6 -- -- -- -- -- -- -- -- -- 53.8 -- -- -- -- 119.8 37.4 -- -- --
SCY HOF 1 SCYTONEMA HOFMANII? -- -- -- -- -- -- -- -- -- -- -- -- -- 4911.5 -- -- -- -- -- -- -- -- -- --
SNO LAC 1 SNOWELLA LACUSTRIS -- 2165.2 1593.6 961.3 5038.0 1144.8 622.3 -- 7565.8 4153.8 1018.7 1697.6 505.8 5974.2 3532.4 1430.8 73.1 2622.6 2093.9 5357.0 -- -- 794.0 1527.5
SPH SCH 3 SPHAEROCYSTIS SCHROERTERI 675.5 147.9 180.7 481.0 4669.2 733.9 3022.6 324.8 650.8 704.5 1943.1 992.5 2000.4 568.8 1916.3 1524.8 9101.4 6731.5 2689.5 9374.2 345.5 443.1 258.6 495.2
SPI LAX 1 SPIRULINA LAXA 2689.2 -- -- 68.4 -- -- -- -- -- -- 318.7 2645.7 157.8 469.8 -- 1079.3 340.1 -- -- -- -- -- -- 26.1
SPI MAJ 1 SPIRULINA MAJOR -- -- -- -- -- 28.7 68.6 -- -- 28.5 -- -- -- -- -- 129.3 -- 332.5 129.3 -- -- -- -- 29.4
SPI SUB 1 SPIRULINA SUBSALSA 206.5 565.2 729.1 264.7 604.8 962.5 328.8 280.5 176.0 561.9 3233.8 797.6 332.9 314.0 2031.7 431.2 723.4 511.0 979.4 200.8 -- 33.7 302.9 77.6
SPI SUBT 3 SPIRULINA SUBTILISSIMA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
SPO PLA 3 SPONDYLOSIUM PLANUM -- -- -- 18.4 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
STA PHO GR 4 STAURONEIS PHOENICENTERON F GRACILIS -- 27.2 -- -- -- -- -- -- 14.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
STAU CYC A 3 STAURASTRUM CYCLACANTHUM V AMERICANUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 132.0 --
STAU GRA 3 STAURASTRUM GRACILE 6.8 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
STAU HEX 3 STAURASTRUM HEXACERUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
STAU LEP I 3 STAURASTRUM LEPTOCLADUM V INSIGNE -- -- -- -- -- -- -- -- -- -- -- 16.2 -- -- -- -- -- -- -- -- -- -- -- --
STAU LEP S 3 STAURASTRUM LEPTOCLADUM V SINUATUM -- -- 30.2 59.8 28.4 -- 53.2 -- -- -- -- -- -- -- -- 18.4 137.6 -- -- -- -- -- -- --
STAU MAN F 3 STAURASTRUM MANFELDTII V FLUMINENSE -- -- -- -- 120.9 -- 113.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
STAU PAR P 3 STAURASTRUM PARADOXUM V PARVULUM -- -- -- -- -- -- 21.9 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
STAU TET 3 STAURASTRUM TETRACERUM 55.8 92.5 203.2 -- -- -- 237.7 -- 80.3 -- 649.2 -- -- -- -- 121.4 -- -- -- -- -- -- -- 55.2
SUR ELE 4 SURIRELLA ELEGANS -- 27.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
SYN ACU 4 SYNEDRA ACUS -- -- -- -- -- -- -- -- -- -- -- 121.4 -- -- -- -- -- -- -- -- -- 145.2 -- --
SYN RUM FA 4 SYNEDRA RUMPENS V FAMILIARIS 61.5 41.0 -- -- -- -- -- -- -- -- -- 24.2 -- 167.5 -- -- -- -- 29.0 -- -- -- -- --
TET MIN 3 TETRAEDRON MINIMUM 15.5 13.8 -- 44.5 277.5 -- 21.9 94.4 -- 9.2 -- -- 7.4 210.5 21.9 48.8 55.2 -- 309.0 -- 119.8 18.4 6.6 30.9
TET TRI 3 TETRAEDRON TRIGONUM 8.6 80.3 61.7 77.3 101.7 14.4 17.6 38.8 -- -- 83.8 72.8 76.0 -- 6.9 222.9 374.9 52.9 543.1 193.6 -- 94.9 46.6 9.8
UN CHL FI 3 UNID CHLOROPHYCEAE FILAMENT BASAL CELLS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
UN FIL CH 3 UNID FILAMENTOUS CHLOROPHYTA -- 33.3 -- -- -- -- 1873.2 342.9 362.6 -- -- 129.3 3895.1 329.9 6137.8 517.3 -- -- 477.1 799.2 44.6 206.2 323.3 --
PP = Porta-PSTA
Codes: `
1 = Cyanobacteria (Bluegreens) 7 = Xanthophyceae (Yellow greens)
3 = Chlorophytea (Greens) 10 = Euglenophyta (Euglenoids)
4 = Bacillariophyceae (Diatoms) 11 = Cryptophyta (Cryptomoniads)
5 = Chrysomonodates (Dinobryon) 12 = Pyrrhophyta (Dinoflagellates)
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EXHIBIT C-26
Porta-PSTA Average Algal Cell Biovolume Data (cm3/m2), April 1999 - March 2000

Organism Division 7 8 9 10 11 12
Code Code Organism PP-9 PP-11 PP-18 PP-4 PP-7 PP-8 PP-12 PP-14 PP-17 PP-3 PP-5 PP-10 PP-2 PP-13 PP-16 PP-1 PP-6 PP-15 PP-19 PP-20 PP-21 PP-22 PP-23 PP-24

ACH CHI SU 4 ACHNANTHES CHILENSIS V SUBAEQUALIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0124 0.0013 -- --
ACH EXI 4 ACHNANTHES EXIGUA -- -- -- -- -- -- -- -- -- -- -- -- 0.0015 -- -- -- -- -- 0.0142 0.0152 0.0297 -- -- --
ACHN MIN 4 ACHNANTHIDIUM MINUTISSIMUM 0.0100 0.0281 0.0227 0.0170 0.0053 0.0036 0.0061 0.0255 0.0175 0.0052 0.0091 0.0150 0.0646 0.0204 0.0981 0.0129 0.1296 0.0048 0.1215 0.1560 0.0182 0.0406 0.0365 0.0084
AMP ACUTI 4 AMPHORA ACUTIUSCULA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
AMP HOL 4 AMPHORA HOLSATICA -- -- 0.1212 -- -- 0.0301 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0321 -- -- --
AMP LIN 4 AMPHORA LINEOLATA? 0.3528 1.0560 0.1729 0.5096 0.8196 1.5879 0.7010 0.2198 0.7661 0.4838 5.4313 1.3568 -- 0.4573 0.0302 0.2738 0.6665 0.2847 -- -- 0.1068 0.3547 0.1384 0.4270
AMP OVA 4 AMPHORA OVALIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
AMP OVA AF 4 AMPHORA OVALIS V AFFINIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0465 -- -- -- -- --
AMP PEL 4 AMPHIPLEURA PELLUCIDA -- -- -- -- -- -- -- 0.0334 0.0416 -- -- -- -- -- -- -- -- -- 0.0682 -- 0.0461 -- 0.0229 0.0156
AMP SAB 4 AMPHORA SABINIANA? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.2897 -- 0.0645 -- -- --
AMP VEN 4 AMPHORA VENETA -- -- 0.0121 -- -- -- -- -- -- -- -- -- -- 0.1692 -- -- -- -- 0.0634 0.1827 -- -- -- --
ANA OSC 1 ANABAENA OSCILLARIOIDES -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.5756 0.2189 -- -- -- --
ANK FAL 3 ANKISTRODESMUS FALCATUS -- -- 0.0072 -- 0.0233 -- 0.0035 0.0013 -- 0.0008 0.1954 0.0064 0.0007 0.0056 0.0115 0.0016 0.0012 0.0013 0.0046 0.0243 0.0008 -- -- 0.0023
ANK NAN 3 ANKISTRODESMUS NANNOSELENE 0.0008 0.0004 0.0004 0.0007 0.0005 0.0003 0.0003 0.0010 0.0007 -- 0.0015 0.0030 0.0003 0.0007 0.0004 0.0003 0.0003 -- 0.0004 0.0018 -- 0.0003 0.0002 0.0003
ANK SPI 3 ANKISTRODESMUS SPIRALIS 0.0005 0.0010 0.0010 0.0008 0.0008 0.0014 0.0003 0.0005 0.0006 0.0006 0.0013 0.0006 0.0030 0.0021 0.0004 0.0007 0.0006 0.0016 0.0014 0.0019 0.0003 0.0006 0.0007 0.0006
APH CON 1 APHANOCAPSA CONFERTA 0.0182 0.0071 -- -- -- -- 0.0014 -- -- -- -- -- -- 0.0219 -- -- 0.3376 -- -- -- -- -- -- --
APH DEL 1 APHANOCAPSA DELICATISSIMA 0.0008 0.0084 0.0013 0.0074 0.0134 0.0030 0.0051 0.0023 0.0104 0.0020 0.0036 0.0080 0.0232 0.0120 0.0096 0.0068 0.0139 0.0196 0.0243 0.0102 -- -- 0.0006 0.0028
APH ELA 1 APHANOCAPSA ELACHISTA -- -- -- -- 0.0151 -- 0.0029 -- -- 0.0140 -- -- -- -- -- -- -- -- -- -- -- -- -- --
APH GRE 1 APHANOCAPSA GREVILLEI -- -- -- -- -- -- -- 0.5349 -- -- -- -- -- -- -- -- 0.2440 -- -- -- -- 0.0183 -- --
APH INC 1 APHANOCAPSA INCERTA 0.0006 -- -- -- 0.0093 0.0016 -- -- -- -- -- -- -- -- -- 0.0020 -- -- 0.0061 -- -- -- -- --
APH PLA 1 APHANOCAPSA PLANCTONICA? -- 0.0077 -- -- 0.0120 0.0336 0.0034 0.0014 -- 0.0104 0.0078 0.0149 0.3324 0.0031 -- 0.0113 0.0035 -- 0.1300 0.0150 -- 0.0037 0.0059 --
APHA CLA 1 APHANOTHECE CLATHRATA 0.0015 -- -- 0.0135 0.0206 0.0043 0.0011 0.0049 -- 0.0204 0.1635 0.0047 0.0672 0.0156 0.0060 0.0046 0.0428 0.0312 0.0123 0.0326 -- -- 0.0074 --
APHA MIC 1 APHANOTHECE MICROSCOPICA -- -- -- -- -- -- 0.0284 0.0098 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
APHA NID 1 APHANOTHECE NIDULANS -- -- 0.0044 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
APHA SAX 1 APHANOTHECE SAXICOLA -- -- -- -- 0.0049 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
APHA SMI 1 APHANOTHECE SMITHII 0.0038 0.0077 0.0030 0.0196 0.0317 0.0381 0.0076 0.0146 0.0109 0.1146 0.1182 0.0316 0.0384 0.0612 0.1024 0.1362 0.1220 0.0155 0.0627 0.0807 0.0069 0.0085 0.0123 0.0042
APHA STA 1 APHANOTHECE STAGNINA 0.1535 0.0366 0.4483 0.2195 0.4502 0.4609 0.0829 0.0790 0.0379 0.2704 0.1980 0.4180 0.4561 0.4599 0.5997 0.6154 0.8653 0.8891 0.3535 0.5504 0.0028 0.0491 0.1236 0.0632
APHA STA 1 APHANOTHECE STAGNINA? 0.0385 0.0695 0.1135 0.0593 0.3679 0.0360 0.0336 0.0980 0.0189 0.0724 0.0541 0.0707 0.0210 0.0491 0.0748 0.0319 0.1342 0.0381 0.2430 0.1151 -- -- 0.0161 0.0334
APHA VAR 1 APHANOTHECE VARIABILIS? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0131 -- -- -- -- --
APHN FLO 1 APHANIZOMENON FLOS-AQUAE 0.0134 0.0380 -- -- 0.1152 -- -- 0.0332 -- -- -- 0.1512 -- 0.0226 -- -- -- 0.0069 0.0517 0.1557 -- -- -- --
ART GOM 1 ARTHOSPIRA GOMONTIANA? -- -- -- -- -- -- -- -- 0.0030 -- -- 0.0040 -- -- 0.0075 -- -- -- -- -- -- -- -- --
ART GOM 1 ARTHROSPIRA GOMONTIANA? -- -- -- -- 0.1879 -- 0.0247 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
ART JEN 1 ARTHROSPIRA JENNERI -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0278 -- -- -- -- -- -- -- --
ART TEN 1 ARTHROSPIRA TENUIS? -- -- -- -- -- -- -- -- 0.0079 -- -- 0.0084 -- -- -- -- -- -- -- -- -- -- -- --
AUL ITA TE 4 AULACOSEIRA ITALICA V TENUISSIMA -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0014 -- -- -- -- -- -- -- -- --
AUL LAX 1 AULOSIRA LAXA? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 3.3829 -- -- -- -- --
BAC PAR 4 BACILLARIA PARADOXA -- -- -- -- -- -- -- 0.0969 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
BOT SUD 3 BOTRYOCOCCUS SUDETICUS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
BRA VIT 4 BRACHYSIRA VITREA 0.0516 0.0330 0.0270 0.0554 0.0260 -- -- 0.0120 0.0057 -- 0.0470 -- 0.0044 -- 0.0077 -- -- 0.0118 -- 0.0460 0.0511 0.0245 0.0091 0.0028
CAP CAR 4 CAPONEA CARIBBEA -- 0.1400 -- -- -- -- 0.2371 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CHA ENS 3 CHARACIUM ENSIFORME 0.0022 -- -- -- -- 0.0356 -- 0.0129 -- -- -- -- 0.0042 -- -- -- -- -- -- -- -- -- -- --
CHLO HUM 3 CHLOROCOCCUM HUMICOLA 0.0138 0.0094 -- -- 0.0297 -- -- -- 0.0055 0.0031 0.0304 -- 0.0007 -- -- -- 0.0014 -- -- -- -- -- -- --
CHR DIS 1 CHROOCOCCUS DISPERSUS 0.0053 0.0242 0.0330 0.0281 0.0592 0.0485 0.0103 0.0218 0.0058 0.1167 0.2426 0.0218 0.0884 0.0673 0.1150 0.0287 0.0533 0.0453 0.1396 0.1212 -- 0.0103 0.0121 0.0078
CHR DIS MI 1 CHROOCOCCUS DISPERSUS V MINOR 0.0045 0.0020 0.0052 -- 0.0049 0.0101 -- 0.0016 0.0018 0.0043 0.0082 0.0079 0.0022 0.0065 0.0007 0.0248 0.0075 0.0072 0.0408 0.0075 -- 0.0093 0.0039 --
CHR DIST 1 CHROOCOCCUS DISTANS -- 0.0983 -- -- -- -- -- -- -- -- 0.0334 -- 0.0064 -- -- -- -- -- -- -- -- -- -- 0.0994
CHR LIM 1 CHROOCOCCUS LIMNETICUS 0.0115 -- 0.0139 -- -- 0.0100 0.0048 0.0182 0.0064 -- -- -- 0.0047 0.0722 0.0229 -- -- 0.0442 0.0230 0.0131 -- -- 0.0289 0.0378
CHR MIN 1 CHROOCOCCUS MINUTUS 0.0056 0.0015 0.0027 0.0030 0.0165 0.0036 0.0040 0.0037 0.0010 0.0236 0.0135 0.0040 0.0169 0.0072 0.0433 0.0095 0.0125 0.0116 0.0573 0.0374 0.0006 0.0014 0.0062 0.0087
CHR MINI 1 CHROOCOCCUS MINIMUS 0.0014 0.0081 0.0090 0.0150 0.0589 0.0070 0.0032 0.0053 0.0052 0.0059 0.0277 0.0091 0.0217 0.0130 0.0160 0.0209 0.0256 0.0213 0.0442 0.0594 0.0228 0.0027 0.0137 0.0056
CHR PLA 1 CHROOCOCCUS PLANCTONICUS -- -- -- -- -- -- -- 0.0875 -- -- -- -- -- 0.1615 -- 0.1238 0.1997 -- -- -- -- -- -- --
CHR PRE 1 CHROOCOCCUS PRESCOTTII -- -- -- -- 0.0732 -- 0.1471 -- -- -- -- -- 0.0327 0.0380 0.0091 -- 1.0940 0.0735 1.2849 0.4214 -- 0.0116 0.0428 0.0206
CHR TUR 1 CHROOCOCCUS TURGIDUS 0.0167 0.0380 0.0388 0.0624 0.0837 0.0610 0.0605 0.0429 0.0149 0.0139 0.0421 0.0490 0.0760 0.1828 -- 0.0372 0.1030 0.0280 0.0682 0.1527 -- 0.0318 0.1673 0.0419
CLO ACE 3 CLOSTERIUM ACEROSUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CLO ACU 3 CLOSTERIUM ACUTUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CLO DIA 3 CLOSTERIUM DIANAE -- -- -- -- -- -- 0.0090 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0117 --
CLO INC 3 CLOSTERIUM INCURVUM -- -- -- -- -- -- 0.2015 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CLO LUN MA 3 CLOSTERIUM LUNULA V MASSARTII -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CLO PAR 3 CLOSTERIUM PARVULUM -- -- -- -- -- 0.1785 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COC PLA 4 COCCONEIS PLACENTULA -- -- -- -- -- -- -- -- 0.0639 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COC PLA EU 4 COCCONEIS PLACENTULA V EUGLYPTA -- -- -- -- -- -- -- -- 0.0120 -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0225 --
COC PLA LI 4 COCCONEIS PLACENTULA V LINEATA 0.0097 0.0316 -- -- -- -- -- 0.0305 0.5281 -- -- -- 0.0232 0.0714 -- -- -- -- 0.0341 -- 0.0877 0.1705 -- --
COE KUE 1 COELOSPHAERIUM KUETZINGIANUM -- -- -- -- -- -- -- -- -- -- -- 0.0116 -- -- -- -- -- -- -- -- -- -- -- --
COE MIC 3 COELASTRUM MICROPORUM -- -- 0.0292 -- 0.0148 -- 0.0060 -- -- -- -- -- 0.1404 -- -- -- 0.1192 -- 0.0022 -- -- 0.0015 0.0064 --
COE SPH 3 COELASTRUM SPHAERICUM 0.0073 0.0328 -- -- 0.0166 0.0056 -- -- -- 0.0083 -- 0.0151 0.0059 -- 0.0023 -- 0.0072 -- 0.0799 0.3805 -- 0.0181 -- 0.0416
COS ANG CO 3 COSMARIUM ANGULOSUM V CONCINNUM -- 0.0113 -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0414 -- 0.0227 -- 0.0246 -- -- -- 0.0215
COS BAC 3 COSMARIUM BACCATUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.4266 --
COS BLY HO 3 COSMARIUM BLYTTII V HOFFII? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0279 -- --
COS BOT 3 COSMARIUM BOTRYTIS -- -- -- -- -- -- -- -- 0.3717 -- -- 0.5432 -- -- -- -- -- -- -- -- -- -- -- --
COS CON 3 COSMARIUM CONTRACTUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS GRA 4 COSCINODISCUS GRANII -- -- -- -- -- -- -- -- -- 80.7967 12.1787 -- -- -- -- -- -- -- -- -- -- -- -- --
COS GRAN 3 COSMARIUM GRANATUM -- -- -- 0.6560 -- -- -- -- -- -- -- -- -- -- -- 0.8271 -- -- -- 2.8501 -- -- -- --
COS IMP 3 COSMARIUM IMPRESSULUM -- -- -- -- -- -- -- -- 0.0962 -- -- -- -- -- -- -- -- -- -- 0.7918 -- 0.0665 -- --
COS MON 3 COSMARIUM MONILIFORME -- -- -- -- 0.2566 -- -- -- -- -- -- -- -- -- -- -- 0.1299 -- -- -- -- -- -- --
COS NIT JA 3 COSMARIUM NITIDULUM V JAVANICUM -- -- -- 0.0443 0.1367 -- -- -- -- -- -- -- -- -- -- -- 0.0864 -- -- -- -- -- -- --
COS ORB 3 COSMARIUM ORBICULATUM -- 0.2249 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS ORN 3 COSMARIUM ORNATUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS ORT 3 COSMARIUM ORTHOSTICHUM -- -- -- -- -- -- -- -- -- -- -- 0.0220 -- -- -- -- -- -- -- -- -- -- -- --
COS POK 3 COSMARIUM POKORNYANUM -- -- -- -- -- -- -- -- -- -- -- -- 0.0773 -- -- -- -- -- -- -- -- -- -- --
COS POR 3 COSMARIUM PORTIANUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.5515 -- -- -- -- --

Treatment
1 2 3 4 5 6
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EXHIBIT C-26
Porta-PSTA Average Algal Cell Biovolume Data (cm3/m2), April 1999 - March 2000

Organism Division 7 8 9 10 11 12
Code Code Organism PP-9 PP-11 PP-18 PP-4 PP-7 PP-8 PP-12 PP-14 PP-17 PP-3 PP-5 PP-10 PP-2 PP-13 PP-16 PP-1 PP-6 PP-15 PP-19 PP-20 PP-21 PP-22 PP-23 PP-24

Treatment
1 2 3 4 5 6

COS PUN 3 COSMARIUM PUNCTULATUM 0.5748 -- -- -- -- -- -- 0.6150 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS REN 3 COSMARIUM RENIFORME -- -- -- -- 1.0654 0.2648 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS SUBR 3 COSMARIUM SUBRENIFORME 0.0149 0.0109 0.0072 0.0312 0.0970 0.0106 0.0296 0.0132 0.0762 0.0071 0.0069 0.1201 0.0926 0.0288 0.0109 0.0481 0.0115 0.0103 0.0292 0.1598 -- 0.0155 0.0066 0.0095
COS TEN 3 COSMARIUM TENUE -- 0.0238 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0507 -- --
COS TRI 3 COSMARIUM TRILOBULATUM -- -- -- 0.1132 -- -- -- 0.0250 0.0233 -- -- -- 0.0246 0.0497 -- -- -- 0.0250 -- -- -- -- -- --
COS TUB 3 COSMOCLADIUM TUBURCULATUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS UND MI 3 COSMARIUM UNDULATUM V MINUTUM -- -- -- -- -- -- -- -- 0.1119 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
COS VEN EX 3 COSMARIUM VENUSTUM V EXCAVATUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.1710 0.3902 --
CRU API 3 CRUCIGENIA APICULATA -- 0.0110 0.0180 -- -- -- -- -- -- 0.0028 -- -- -- -- -- -- -- -- -- -- -- -- -- --
CRU CRU 3 CRUCIGENIA CRUCIFERA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CRU QUA 3 CRUCIGENIA QUADRATA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
CRU TET 3 CRUCIGENIA TETRAPEDIA -- 0.0008 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0007 -- --
CRY ERO 11 CRYPTOMONAS EROSA 0.0080 -- -- 0.0279 -- -- -- 0.0530 -- -- 0.0369 -- -- 0.0140 0.0027 -- -- 0.0348 -- -- -- 0.0027 0.0033 --
CRY OVA 11 CRYPTOMONAS OVATA -- -- -- -- -- 0.0233 -- -- 0.0372 -- -- -- -- -- -- -- -- -- -- 0.2953 -- 0.0141 -- 0.0668
CYC MEN 4 CYCLOTELLA MENEGHINIANA 0.0701 0.0277 0.0318 0.1309 0.0236 -- 0.0208 -- 0.3204 0.0099 -- 0.0741 0.0164 0.0598 -- 0.0386 -- -- -- -- 0.0170 0.0578 0.0070 0.0183
CYL CLO 4 CYLINDROTHECA CLOSTERIUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0010 -- -- -- -- -- --
CYL MIN 1 CYLINDROSPERMUM MINUTUM? -- -- -- -- -- 0.0685 -- -- -- 0.0408 -- -- -- -- -- -- -- -- -- -- 0.0383 -- -- --
CYL MUS 1 CYLINDROSPERMUM MUSCICOLA? -- -- -- -- -- -- -- -- -- 0.0180 -- -- -- -- -- -- -- -- -- -- -- -- -- --
CYL STA 1 CYLINDROSPERMUM STAGNALE -- -- -- -- -- -- 0.1517 -- 0.5756 -- -- -- -- -- -- -- -- 0.3343 -- -- -- -- -- --
CYM ASP 4 CYMBELLA ASPERA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.4065 -- -- --
CYM MIC 4 CYMBELLA MICROCEPHALA 0.0032 0.0121 0.0159 0.0106 0.0280 0.0119 0.0351 0.0114 0.0144 0.0047 0.0352 0.0183 0.0711 0.0104 0.0629 0.0162 0.0510 0.0483 0.0665 0.0619 0.0095 0.0251 0.0062 0.0073
CYM MIN PS 4 CYMBELLA MINUTA V PSEUDOGRACILIS 0.2722 0.0950 0.0525 0.1358 0.1953 0.4047 0.0424 0.0940 0.0332 0.1488 0.3248 0.2570 0.6577 0.1951 0.0800 0.4772 0.1412 0.0485 0.2264 0.2113 0.0125 -- 0.0505 0.0383
DEN KUE 4 DENTICULA KUETZINGII -- 0.0740 -- -- -- -- -- -- 0.3457 -- -- -- -- -- -- -- 0.1770 -- -- 0.6547 0.2644 0.0790 -- 0.1745
DIC PUL 3 DICTYOSPHAERIUM PULCHELLUM -- -- 0.0007 -- -- 0.0340 -- -- -- -- -- -- -- -- -- 0.0006 0.0181 -- -- -- -- -- -- --
DIN CYL 5 DINOBRYON CYLINDRICUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0082 -- -- -- -- -- -- -- --
DIN SER 5 DINOBRYON SERTULARIA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.1618 -- -- -- -- -- -- -- --
DIP ELL 4 DIPLONEIS ELLIPTICA -- -- -- -- -- -- -- 0.0717 0.0074 -- -- -- -- -- -- -- 0.0141 -- -- -- -- -- -- --
DIP OBL 4 DIPLONEIS OBLONGELLA 0.0098 0.0223 0.0557 -- 0.2320 0.0050 0.0826 0.0327 0.0542 0.0408 -- 0.0435 -- 0.0125 -- 0.0257 0.0269 0.0090 0.0239 -- 0.0369 0.0252 0.0727 0.0518
DIP OVA 4 DIPLONEIS OVALIS 0.0204 0.0323 0.0198 0.0383 0.0488 0.0396 0.0603 0.0220 0.0357 0.0074 0.1420 0.0261 -- 0.0650 -- 0.0138 0.0714 0.0212 0.2458 -- 0.0109 0.0267 0.0945 0.0334
DIP PARM 4 DIPLONEIS PARMA -- -- -- -- -- -- -- -- -- -- -- -- 0.0196 -- -- -- -- -- -- -- -- -- -- --
DIP SMI 4 DIPLONEIS SMITHII -- -- 21.2597 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
ELA GEL 3 ELAKATOTHRIX GELATINOSA -- -- -- -- 0.0341 0.0217 -- -- -- -- -- -- -- -- 0.0252 -- 0.0070 -- -- 0.0353 -- -- -- --
ENC EVE 4 ENCYONEMA EVERGLADIANUM 0.0454 0.0709 0.0335 0.1321 0.7082 0.2514 0.0399 0.0464 0.0499 0.2335 0.9298 0.2031 0.3484 0.1532 0.5939 0.0945 0.3711 0.2690 0.3267 0.1764 0.0206 0.2876 0.2347 0.0161
ENC HEB 4 ENCYONEMA HEBRIDICA -- -- -- -- -- -- -- 0.0241 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
ENC LUN 4 ENCYONEMA LUNATUM 0.0212 0.0216 0.1057 -- 0.0330 0.0085 0.0161 0.0241 0.0309 0.0198 0.0147 0.0266 0.0036 0.0313 0.0045 0.0276 0.0564 0.0048 0.0058 0.0060 0.0279 0.0148 -- 0.0013
ENC MIN 4 ENCYONEMA MINUTUM -- 0.0048 0.0004 -- 0.0101 -- 0.0025 -- 0.0025 -- -- -- -- -- -- 0.0064 -- -- 0.0004 -- 0.0028 -- -- --
ENC MUE 4 ENCYONEMA MUELLERI -- -- -- -- -- -- -- -- -- -- 0.6094 -- -- -- -- -- -- -- -- -- -- -- -- --
ENC SIL 4 ENCYONEMA SILESIACUM 0.0216 0.0387 -- -- -- -- 0.0166 0.0602 0.0106 -- -- -- -- -- 0.4817 0.0091 -- 0.0392 -- -- -- 0.0131 -- 0.0150
ENC SIL EL 4 ENCYONEMA SILESIACUM V ELEGANS -- 0.0400 0.2608 -- -- 0.1465 -- 0.0732 -- -- -- -- -- 0.0732 2.2539 -- -- 0.7355 0.7355 -- -- 0.1591 0.4457 --
EPI ADN 4 EPITHEMIA ADNATA -- 0.2800 -- -- -- -- -- -- -- -- -- -- -- -- -- 0.2868 -- -- -- -- -- -- -- --
EUA ABR MI 3 EUASTRUM ABRUPTUM F MINOR -- -- -- -- -- 0.1381 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
EUA BID 3 EUASTRUM BIDENTATUM -- -- -- 0.5988 -- -- -- -- -- 0.5911 -- -- -- -- -- 0.6227 -- -- 0.6573 -- -- -- -- --
EUA COR ME 3 EUASTRUM CORNUBIENSE V MEDIANUM 0.1547 -- -- 0.2091 -- -- -- 0.2363 -- -- -- 0.0805 0.9258 -- -- -- 0.1457 0.1397 0.1391 0.7432 -- 0.0141 0.0851 --
EUA TUR ST 3 EUASTRUM TURNERI V STRICTUM -- -- -- -- -- -- -- 0.1371 -- -- -- 0.0291 -- -- -- -- -- -- -- -- -- -- -- --
EUC MIN 1 EUCAPSIS MINOR -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0263 -- -- -- 0.0316 -- -- -- -- 0.0032 0.0066
EUD ELE 3 EUDORINA ELEGANS -- -- -- -- -- -- 0.0600 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
EUG ACU 10 EUGLENA ACUS -- 0.4120 -- -- -- -- -- -- -- -- -- -- 0.0273 -- -- -- -- -- -- -- 0.0507 -- 0.1460 0.0297
EUG OXY MI 10 EUGLENA OXYURIS V MINOR -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
EUN PEC 4 EUNOTIA PECTINALIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
EUN PEC MI 4 EUNOTIA PECTINALIS V MINOR -- -- -- -- -- -- 0.0617 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
FRA CAP 4 FRAGILARIA CAPUCINA -- -- -- 0.0509 -- -- -- 0.0290 -- 0.0118 0.0539 -- 0.0074 -- -- 0.0121 0.0235 -- -- -- -- -- -- --
FRA CAP GR 4 FRAGILARIA CAPUCINA V GRACILIS 0.1308 0.0110 -- -- 0.0162 0.1948 -- -- -- 0.0217 0.0075 0.0402 -- 0.0040 0.0316 0.0688 0.0318 -- -- -- 0.0055 0.0217 -- --
FRA CRO 4 FRAGILARIA CROTONENSIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
FRA DEL 4 FRAGILARIA DELICATISSIMA -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0127 -- -- -- -- -- -- 0.0207 -- --
FRA FAM 4 FRAGILARIA FAMELICA 0.0266 0.0537 0.0429 0.0211 0.1321 0.0963 0.0202 0.0341 0.0288 0.0417 0.3056 0.0450 0.0139 -- 0.0112 0.0585 0.0580 0.0472 0.0339 0.0180 -- 0.0174 -- 0.0020
FRA FAS 4 FRAGILARIA FASCICULATA? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
FRA NAN 4 FRAGILARIA NANANA? 0.2443 -- -- 0.0458 0.2300 -- 0.0429 0.0259 -- 0.1537 -- 0.5184 0.3746 -- 0.2300 -- -- 0.1063 0.1284 -- -- 0.1188 -- 0.0253
FRA OVA 3 FRANCEIA OVALIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0056 -- -- -- 0.0126 0.0106 -- -- -- --
FRA SYN 4 FRAGILARIA SYNEGROTESCA 0.2826 0.1796 0.1209 0.1121 0.2521 0.2092 0.1566 0.2468 0.1727 0.2224 1.1303 0.3936 0.3999 0.2242 1.2810 0.3627 0.3763 0.2453 0.4662 0.4182 0.1195 0.5276 0.2857 0.0746
FRA TEN 4 FRAGILARIA TENERA -- -- -- -- -- -- -- 0.0053 0.0024 -- -- -- -- 0.0632 0.0006 -- -- 0.0144 -- -- -- -- -- --
FRA ULN 4 FRAGILARIA ULNA -- -- -- -- 0.6783 -- 0.2784 0.2960 3.4269 -- -- 0.3353 -- -- -- -- -- -- 0.3411 0.7007 0.1412 -- -- --
G ACH 4 ACHNANTHES SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G AMP 4 AMPHORA SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G ANA 1 ANABAENA SP -- 0.0226 -- 0.0145 0.0300 0.0359 0.0037 0.0104 -- -- 0.0513 0.0071 0.0730 -- 0.0246 0.0106 0.1192 0.0460 0.1418 0.0526 -- 0.0116 0.0078 --
G ANAB 1 ANABAENOPSIS SP -- -- 0.0021 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G APH 1 APHANOCAPSA SP -- -- -- -- -- -- -- -- 0.0856 -- -- -- -- -- -- -- -- 0.1907 -- -- -- -- -- --
G APHA 1 APHANOTHECE SP -- -- -- -- 0.0065 0.0005 0.0018 -- -- 0.0024 -- -- -- -- -- 0.0014 0.0017 0.0029 -- -- -- 0.0004 -- --
G BUL 3 BULBOCHAETE SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G CHI 11 CHILOMONAS SP -- -- -- -- -- -- -- -- -- -- -- -- 0.0261 -- -- -- -- -- -- -- -- -- -- --
G CHL 3 CHLORELLA SP -- 0.0061 -- -- -- -- 0.0103 -- -- -- -- -- 0.0007 -- -- -- -- -- -- -- -- -- -- --
G CHLA 3 CHLAMYDOMONAS SP -- -- -- -- -- 0.0059 0.0121 -- -- -- -- -- -- -- -- 0.0143 -- -- -- -- -- 0.0013 -- 0.0068
G CHLR 3 CHLOROGONIUM SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0017 -- -- -- -- -- -- -- -- --
G CHR 1 CHROOCOCCUS SP 0.0503 0.0753 -- -- -- -- 0.1118 0.0581 0.0133 0.0508 -- 0.0629 0.0308 0.2884 0.0041 -- 10.1247 0.4284 0.1328 -- -- 0.0644 0.0218 --
G CHRM 11 CHROOMONAS SP -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0003 -- -- -- -- -- -- -- 0.0018 -- --
G CLO 3 CLOSTERIUM SP -- -- -- 0.0041 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G COS 3 COSMARIUM SP 0.1419 0.0508 -- -- 0.5670 -- -- 0.1556 -- 0.0444 0.0655 -- -- -- -- -- -- -- 0.0726 0.0745 -- -- -- --
G CRY 11 CRYPTOMONAS SP -- -- -- -- 0.0028 0.0014 -- -- -- -- -- -- -- 0.0020 -- -- 0.0005 -- -- -- -- -- -- --
G CYC 4 CYCLOTELLA SP -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0027 -- -- 0.0412 -- -- -- -- -- -- --
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EXHIBIT C-26
Porta-PSTA Average Algal Cell Biovolume Data (cm3/m2), April 1999 - March 2000

Organism Division 7 8 9 10 11 12
Code Code Organism PP-9 PP-11 PP-18 PP-4 PP-7 PP-8 PP-12 PP-14 PP-17 PP-3 PP-5 PP-10 PP-2 PP-13 PP-16 PP-1 PP-6 PP-15 PP-19 PP-20 PP-21 PP-22 PP-23 PP-24

Treatment
1 2 3 4 5 6

G CYL 1 CYLINDROSPERMUM SP 0.1130 0.3058 0.0909 0.1753 0.5614 0.4031 0.2871 0.1332 0.5387 0.5792 0.2372 0.3587 0.3765 0.3230 0.3660 0.1227 0.2753 0.2936 0.4358 1.0520 0.0359 0.0725 0.1297 0.1939
G CYM 4 CYMBELLA SP -- -- -- -- 0.0171 -- -- -- 0.0334 -- -- -- -- -- -- 0.1043 -- -- -- -- -- -- -- 0.0189
G DIP 4 DIPLONEIS SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G EUA 3 EUASTRUM SP -- -- -- -- -- -- 0.0066 -- -- -- -- -- 0.0168 -- -- -- -- -- -- -- -- -- 0.0036 --
G EUG 10 EUGLENA SP 0.2876 0.3478 0.2477 0.3752 0.2829 0.3995 0.2859 0.2731 0.2212 0.1187 -- -- 0.1212 -- 0.2612 0.2376 8.2093 0.3349 -- -- 0.8527 0.5607 -- 0.4382
G EUN 4 EUNOTIA SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G FRA 4 FRAGILARIA SP -- -- -- -- 0.0092 -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0588 -- -- -- -- --
G GLO 1 GLOEOCAPSA SP 0.0003 0.0046 0.0102 0.0034 0.0014 0.0072 0.0009 0.0010 0.0006 0.0025 0.0524 0.0011 0.0124 0.0045 0.0051 0.0035 0.0081 0.0024 0.0174 0.0296 -- 0.0008 0.0364 --
G GLOE 3 GLOEOCYSTIS SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0060 -- 0.0268 -- -- -- -- -- -- --
G GLOT 1 GLOEOTHECE SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0144 -- -- -- -- -- -- -- --
G GOMP 1 GOMPHOSPHAERIA SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.2720 -- 0.0428 --
G GYR 4 GYROSIGMA SP 1.0631 0.5177 -- -- -- -- -- 0.2658 0.3316 -- -- -- -- -- -- -- -- 0.4782 -- -- -- -- -- --
G LYN 1 LYNGBYA SP 0.0011 -- -- -- 0.0006 -- 0.0001 -- -- 0.0007 0.0033 -- -- 0.0438 -- -- 0.0003 0.0124 0.0036 0.0007 -- -- 0.0004 --
G LYN ME 1 LYNGBYA SP (MEDIUM) -- -- -- -- -- -- -- -- -- -- 2.9743 -- -- -- -- -- -- 0.5675 -- 0.3378 -- -- -- 0.1480
G LYN SM 1 LYNGBYA SP (SMALL) -- -- 0.0044 0.0231 0.1485 0.0268 0.0278 0.0088 0.0008 0.4913 0.1043 0.0601 0.0889 0.0294 0.0227 0.1579 0.0228 0.0421 0.0231 0.1140 -- 0.0024 0.0458 0.0054
G MES 3 MESOTAENIUM SP? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G MICRO 1 MICROCYSTIS SP -- -- -- -- -- -- -- -- -- -- 0.0026 -- -- -- -- -- -- -- -- -- -- -- -- --
G MOU 3 MOUGEOTIA SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0129 -- -- -- -- --
G NAV 4 NAVICULA SP -- 0.0041 -- -- -- -- -- -- 0.0018 -- -- -- 0.0007 -- -- -- -- -- -- -- -- -- -- --
G NAV SM 4 NAVICULA SP (SMALL) -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0071 -- -- 0.0134
G NIT 4 NITZSCHIA SP 0.0063 -- -- -- 0.0018 0.0032 -- 0.0021 0.0030 0.0067 0.0130 0.0085 0.0020 0.0076 0.0006 0.0052 0.0008 0.0019 0.0123 0.0149 0.0106 0.0111 0.0007 0.0010
G NIT ME 4 NITZSCHIA SP (MEDIUM) 0.0887 0.0820 0.0458 -- -- -- 0.0743 0.0886 -- 0.0445 -- -- -- -- 0.0433 0.0853 -- -- -- 0.9514 0.0338 0.0590 -- 0.0407
G NIT SM 4 NITZSCHIA SP (SMALL) 0.0038 0.0083 0.0007 -- -- 0.0074 0.0116 0.0026 0.0531 0.0129 0.0258 0.0031 0.0022 0.0119 0.0032 0.0076 0.0023 0.0357 0.0123 -- 0.0034 0.0629 0.0345 0.0040
G OED 3 OEDOGONIUM SP 6.3055 0.2715 -- -- -- -- -- 0.4014 0.0982 -- -- 0.2140 -- -- -- -- -- -- 1.2919 -- 0.2308 4.6999 0.0780 --
G OOC 3 OOCYSTIS SP -- 0.0020 -- -- -- -- -- -- -- -- -- -- -- 0.0035 -- -- -- -- -- -- -- -- -- --
G OSC 1 OSCILLATORIA SP 0.0046 -- -- -- 0.0092 0.0250 -- 0.0106 0.0009 -- 0.0180 0.0638 -- -- 0.0012 0.0615 -- 0.0450 0.0653 0.0067 0.1625 0.0133 0.0218 0.0056
G OSC ME 1 OSCILLATORIA SP (MEDIUM) 0.2630 0.1538 0.0139 0.3004 0.6593 0.3849 0.1631 0.0127 0.0819 0.1032 0.1043 0.2000 0.8012 0.1249 -- 0.2257 0.0786 0.1987 0.2074 0.3061 -- -- 0.0111 --
G OSC SM 1 OSCILLATORIA SP (SMALL) 0.0053 0.0074 0.0061 0.0227 0.0558 0.0505 0.0330 0.0122 0.0222 0.0846 0.1631 0.0108 0.0392 0.0198 0.0490 0.0179 0.0307 0.0246 0.0452 0.0640 0.0068 0.0020 0.0109 0.0035
G PER 12 PERIDINIUM SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.4256 -- -- -- -- -- 0.3694 --
G PIN 4 PINNULARIA SP 0.0534 -- -- -- -- -- -- 0.0979 0.0204 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G PLEUR 3 PLEUROTAENIUM SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G SCY 1 SCYTONEMA SP? 3.6321 -- -- 10.4178 3.4696 -- 22.2949 10.1687 1.1254 76.8996 18.6589 12.8140 49.5881 0.0871 -- 0.6730 -- -- -- 6.9339 -- -- 11.4434 --
G SPI 3 SPIROGYRA SP -- -- -- -- -- -- -- 9.0827 2.2940 -- -- -- -- -- -- -- -- -- 6.1740 -- 41.3079 -- -- --
G STAU 3 STAURASTRUM SP -- -- -- -- -- -- 0.0192 -- 0.0233 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
G TET 3 TETRAEDRON SP -- -- -- -- -- -- -- -- -- -- -- -- 0.0273 -- -- -- -- -- -- -- -- -- -- --
G ULO 3 ULOTHRIX SP -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0846 -- -- -- --
GLO AER 1 GLOEOCAPSA AERUGINOSA -- -- -- -- 0.0006 -- -- -- -- -- 0.0020 -- -- -- -- -- -- -- -- -- -- -- -- --
GLO LIN 1 GLOEOTHECE LINEARIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0510 -- -- -- --
GLO PUN 1 GLOEOCAPSA PUNCTATA -- -- -- -- -- -- -- -- 0.0014 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
GLO RUP 1 GLOEOCAPSA RUPESTRIS -- -- -- -- -- -- -- -- -- -- -- -- 0.0762 -- -- -- -- -- -- -- -- -- -- --
GOL RAD 3 GOLENKINIA RADIATA -- -- -- -- 0.0012 -- 0.0026 -- -- -- -- -- 0.0007 -- -- -- -- -- -- -- -- -- -- --
GOM AFF IN 4 GOMPHONEMA AFFINE V INSIGNE -- -- -- -- 0.0760 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
GOM APO 1 GOMPHOSPHAERIA APONINA -- 0.0724 0.0541 0.1616 -- 0.0431 0.1975 0.1420 0.0950 -- -- 0.0218 -- -- 0.0075 0.0617 0.0361 -- -- -- 0.0320 -- 0.0197 0.1646
GOM DIC 4 GOMPHONEMA DICHOTOMUM -- -- -- -- 0.0141 -- -- -- -- -- -- -- -- -- -- -- 0.0065 -- -- -- -- -- -- --
GOM GRA 4 GOMPHONEMA GRACILE -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0389 -- -- -- -- -- -- -- -- -- --
GOM INT VI 4 GOMPHONEMA INTRICATUM V VIBRIO 0.0953 0.0635 0.0643 0.2653 -- -- 0.0742 0.1410 0.1129 -- -- 0.2964 -- 0.0183 -- 0.2653 0.1414 -- -- -- 0.0152 0.0704 0.1592 --
GOM PAR 4 GOMPHONEMA PARVULUM -- -- -- -- 0.2163 -- -- 0.0759 0.2715 -- -- -- -- -- 0.5494 0.0217 -- -- 0.1061 -- -- 0.2983 -- 0.0849
GON MUT 7 GONIOCHLORIS MUTICA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
GYR ACU 4 GYROSIGMA ACUMINATUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
GYR NOD 4 GYROSIGMA NODIFERUM -- 0.5748 0.1435 -- -- -- 0.1425 0.1245 0.1678 -- -- -- -- -- -- -- -- -- -- -- 0.0840 -- -- 0.1335
GYR OBS 4 GYROSIGMA OBSCURUM? 0.6165 0.4666 1.1460 -- -- -- 0.2091 -- 0.5482 -- -- -- -- -- -- 1.0493 -- -- -- -- 1.0563 -- -- 0.7017
GYR SPE CU 4 GYROSIGMA SPENCERI V CURVULA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
HAN VIV 4 HANTZSCHIA VIVAX -- 0.8778 -- -- -- -- -- 1.2570 0.3161 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
JOH PEL 1 JOHANNESBAPTISTIA PELLUCIDA 0.0723 0.1259 0.3088 0.1146 0.0526 -- 0.1305 0.1144 0.0521 0.1043 0.0895 0.0353 -- 0.0991 0.3074 0.7841 0.1666 0.1274 0.2462 0.6928 -- -- 0.0505 0.4536
KIR LUN 3 KIRCHNERIELLA LUNARIS 0.0003 -- -- -- -- 0.0005 0.0009 -- 0.0005 -- -- 0.0090 0.0004 -- -- 0.0008 0.0046 -- -- 0.0046 0.0003 -- 0.0006 0.0002
KIR OBE 3 KIRCHNERIELLA OBESA -- -- -- -- 0.0124 -- -- -- 0.0011 -- -- -- -- -- -- -- -- -- -- 0.0014 -- -- -- 0.0004
LEM PAL 1 LEMMERMANNIELLA PALLIDA -- 0.0300 0.0692 -- 0.1989 -- -- -- -- -- -- -- -- 0.0175 -- 0.0116 -- -- -- -- -- -- -- --
LYN AER 1 LYNGBYA AERUGINEO-CARULEA? -- -- 0.0586 0.2296 -- -- 0.4446 0.2490 -- 1.4936 0.5899 0.9059 3.5981 0.4060 5.5248 0.0667 -- -- 2.5306 0.6137 -- 0.2661 0.7102 0.0592
LYN AES 1 LYNGBYA AESTUARII 0.3711 -- -- -- -- -- -- 2.3936 0.8239 1.6651 0.8776 -- -- -- -- -- -- -- -- -- -- -- -- --
LYN BIR 1 LYNGBYA BIRGEI -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.4316 -- -- -- -- --
LYN EPI 1 LYNGBYA EPIPHYTICA -- -- -- -- -- -- -- -- -- 0.0186 0.1123 0.0292 -- 0.4908 -- 0.0773 -- -- 0.0880 0.1427 -- -- -- --
LYN LAG 1 LYNGBYA LAGERHEIMII 0.0131 0.0234 0.0267 0.0419 0.0885 0.1001 0.0498 0.0157 0.0214 0.0147 0.0655 0.0343 0.0584 0.0627 0.0801 0.0406 0.0664 0.0553 0.4928 0.4901 -- 0.0281 0.1322 0.0085
LYN LIM 1 LYNGBYA LIMNETICA 0.0097 -- 0.0812 0.5164 2.3283 1.0986 0.1983 0.1866 0.2971 4.4395 5.3205 2.1261 3.2985 1.5743 2.1457 1.6740 4.2086 3.7895 1.9929 4.2906 -- 0.1252 2.2948 0.0540
LYN LIM 1 LYNGBYA LIMNETICA? 0.0215 -- 0.0302 0.6335 0.4022 0.1160 0.0112 0.0121 -- 0.4196 0.1415 0.0328 0.0232 0.1529 0.0852 0.0591 0.1126 0.1803 0.3798 0.4489 -- -- 0.0511 0.0007
LYN PER 1 LYNGBYA PERELEGANS? -- -- -- -- -- 0.0237 -- -- -- -- 0.1184 0.0432 0.0927 0.0168 -- -- 0.0435 0.2427 0.2420 -- -- -- -- --
LYN SUB 1 LYNGBYA SUBTILIS -- -- -- -- -- -- 0.0001 -- -- -- -- -- -- 0.0007 -- -- -- -- -- -- -- -- -- --
MAS LANC 4 MASTOGLOIA LANCEOLATA 0.4642 0.9005 0.3993 1.1062 1.5703 1.7088 0.5620 0.5229 0.4387 1.5473 4.3007 1.1444 2.1665 1.4240 1.4610 0.9551 1.5593 0.9905 2.6253 0.9306 0.1307 0.2837 0.6402 --
MAS SMI 4 MASTOGLOIA SMITHII 1.2741 0.8165 0.7386 2.2049 4.4133 3.7854 1.1968 0.9189 0.8458 4.9866 16.9419 3.4153 5.5304 2.6445 4.6523 1.5587 2.6388 2.7002 7.6081 2.4550 0.2383 1.5352 5.0677 0.5455
MAS SMI LA 4 MASTOGLOIA SMITHII V LACUSTRIS 0.1162 0.2310 0.3318 0.8511 2.7930 2.2688 0.1815 0.3010 0.3141 3.1264 3.9371 2.9847 3.5178 0.7153 1.7728 0.5792 1.1940 1.8980 1.9573 0.9914 0.0632 0.3631 1.4809 0.0939
MER DUP 1 MERISMOPEDIA DUPLEX -- -- -- -- -- -- -- -- -- -- -- 0.0157 -- -- -- 0.0041 -- -- -- -- -- -- -- --
MER GLA 1 MERISMOPEDIA GLAUCA 0.0021 0.0138 0.0138 0.0038 0.0179 0.0078 0.0040 0.0045 0.0040 0.0085 0.0071 0.0236 0.0096 0.0165 0.0034 0.1486 0.0103 0.0082 0.0228 0.0756 -- 0.0014 0.0101 0.0221
MER PUN 1 MERISMOPEDIA PUNCTATA 0.0007 0.0052 -- -- 0.0276 -- 0.0010 -- 0.0004 0.0003 0.0019 -- -- 0.0056 0.0007 0.0025 0.0026 0.0017 0.0032 -- -- 0.0005 0.0004 0.0008
MER TEN 1 MERISMOPEDIA TENUISSIMA 0.0004 0.0017 0.0018 0.0003 0.0003 0.0005 0.0002 0.0005 0.0004 0.0020 0.0008 0.0005 -- 0.0022 0.0024 0.0007 0.0021 0.0009 0.0013 0.0017 -- 0.0007 0.0011 0.0007
MIC AER 1 MICROCYSTIS AERUGINOSA 0.0419 -- -- 0.0372 0.0393 0.0761 0.0103 -- -- 0.0708 0.0410 0.0562 0.9779 0.2828 0.0127 0.1265 0.0922 0.1083 0.1663 0.2503 -- 0.1251 0.0599 --
MIC FIR 1 MICROCYSTIS FIRMA 0.0148 0.0200 0.0135 0.0125 0.0240 0.0251 0.0148 0.0204 0.0549 0.0454 0.0122 0.0107 0.0123 0.0227 0.0663 0.0124 0.0658 0.0273 0.0423 0.0477 -- 0.0030 0.0091 0.0212
MIC FLO 1 MICROCYSTIS FLOS-AQUAE -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.1608 -- -- -- -- -- -- -- --
MIC INC 1 MICROCYSTIS INCERTA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0022 0.0031 -- -- -- --
MIC PIN 3 MICRASTERIAS PINNATIFIDA -- 1.2051 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
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EXHIBIT C-26
Porta-PSTA Average Algal Cell Biovolume Data (cm3/m2), April 1999 - March 2000

Organism Division 7 8 9 10 11 12
Code Code Organism PP-9 PP-11 PP-18 PP-4 PP-7 PP-8 PP-12 PP-14 PP-17 PP-3 PP-5 PP-10 PP-2 PP-13 PP-16 PP-1 PP-6 PP-15 PP-19 PP-20 PP-21 PP-22 PP-23 PP-24

Treatment
1 2 3 4 5 6

MIC SMI 1 MICROCYSTIS SMITHII 0.0045 -- -- -- -- -- 0.0388 -- -- 0.0258 -- -- -- -- -- -- -- -- 0.0070 0.2031 -- -- -- --
NAV CRY 4 NAVICULA CRYPTOCEPHALA 0.0170 0.0085 0.0126 0.0638 0.0633 0.0242 0.0265 -- 0.0176 0.0307 0.0487 0.0196 0.1314 -- 0.2753 0.0325 0.0686 0.0406 0.1245 0.1540 0.0266 0.0447 0.0040 0.0090
NAV CRYP 4 NAVICULA CRYPTOTENELLA 0.0507 0.0990 0.1847 0.0688 0.1705 0.1071 0.0341 0.0594 0.0568 0.0349 0.1296 0.0629 0.0283 0.0826 0.1314 0.0631 0.1076 0.2222 0.1922 0.0851 0.0654 0.0915 0.0591 0.0459
NAV CUS 4 NAVICULA CUSPIDATA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.1377 -- -- --
NAV PLA 4 NAVICULA PLACENTA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NAV POD 4 NAVICULA PODZORSKII 0.2172 0.3646 0.1408 0.2678 -- 0.2577 0.2227 0.1692 0.0562 -- -- 0.1191 1.3448 0.1270 -- 0.2678 0.1215 -- -- -- -- 0.0721 -- 0.0491
NAV PUP CA 4 NAVICULA PUPULA V CAPITATA 0.0681 0.0970 0.0444 0.0918 -- -- 0.0365 0.0348 -- -- -- -- -- -- -- -- -- -- -- -- 0.0564 -- -- --
NAV PUP RE 4 NAVICULA PUPULA V RECTANGULARIS 0.0402 -- 0.0535 -- -- -- 0.0316 -- 0.0552 -- -- -- -- -- -- -- -- -- -- -- 0.0217 -- -- 0.0217
NAV RAD 4 NAVICULA RADIOSA -- 0.8844 -- -- -- -- 0.0506 -- 0.0242 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0272
NAV RAD PA 4 NAVICULA RADIOSA V PARVA 0.0115 0.1658 -- -- -- 0.0202 0.0128 0.0270 0.0334 -- -- -- -- -- -- -- 0.0223 -- -- 0.0283 -- -- -- 0.0212
NAV SUBR 4 NAVICULA SUBRHYNCHOCEPHALA -- -- -- -- -- -- -- -- -- 0.0228 -- -- -- -- -- -- 0.0188 -- -- -- -- -- -- --
NAV SUBT 4 NAVICULA SUBTILISSIMA -- -- -- -- -- -- -- 0.0444 0.0206 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NEI AFF 4 NEIDIUM AFFINE -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.1340
NIT ACI 4 NITZSCHIA ACICULARIS -- -- -- -- -- -- -- -- -- -- 0.0075 -- -- -- -- -- -- -- 0.0065 0.0037 -- -- 0.0028 --
NIT AMP 4 NITZSCHIA AMPHIBIA 0.0020 0.0068 -- -- -- 0.0036 0.0036 -- 0.2098 -- -- -- 0.0040 -- -- -- -- -- -- -- 0.0045 -- -- --
NIT ANG 4 NITZSCHIA ANGUSTATA -- -- -- -- -- -- 0.0399 0.1059 0.0240 -- -- -- -- -- -- -- -- -- -- -- 0.0259 -- -- 0.0489
NIT CON 4 NITZSCHIA CONSTRICTA 0.0362 0.0136 0.0355 -- 0.0264 0.0178 0.0081 0.0137 0.0120 0.0126 0.0384 0.0134 0.0302 0.0334 0.0083 0.0308 0.0104 0.0153 -- 0.0179 0.0103 0.0355 0.0236 0.0220
NIT DEN 4 NITZSCHIA DENTICULA? -- 0.0262 0.1065 -- -- -- 0.0092 0.0250 0.0118 -- -- -- -- -- 0.0112 -- -- -- -- -- 0.0103 -- -- --
NIT DIS 4 NITZSCHIA DISSIPATA -- -- -- -- 0.0018 -- 0.0052 -- 0.0009 -- -- 0.0036 -- 0.0167 0.0003 0.0077 -- 0.0425 -- 0.0045 -- 0.0030 -- --
NIT FON 4 NITZSCHIA FONTICOLA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NIT FRU 4 NITZSCHIA FRUSTULUM 0.0020 -- -- -- -- -- 0.0890 -- -- 0.0582 -- -- 0.0013 -- -- -- -- -- 0.0668 0.0112 0.0048 0.0567 0.0098 0.0014
NIT GRA 4 NITZSCHIA GRACILIS -- -- -- -- -- -- 0.0116 -- 0.0112 -- -- -- 0.0397 -- -- -- -- 0.0655 -- -- -- 0.0232 -- --
NIT GRAF 4 NITZSCHIA GRACILIFORMIS? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0093 -- -- --
NIT HUN 4 NITZSCHIA HUNGARICA? 0.0209 -- -- -- -- -- -- -- -- -- -- 0.0388 -- -- -- -- 0.1551 -- -- -- 0.0470 -- -- --
NIT IGN 4 NITZSCHIA IGNORATA -- -- -- -- -- -- 0.0216 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0185 0.0181 0.0060
NIT LEV 4 NITZSCHIA LEVIDENSIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NIT MIC 4 NITZSCHIA MICROCEPHALA 0.0006 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0006 -- -- --
NIT NAN 4 NITZSCHIA NANA -- 0.2294 0.0852 -- 0.1622 -- 0.0521 -- 0.0396 -- -- -- 0.0004 -- -- -- 0.3554 -- 0.3640 -- 0.0905 0.0487 -- 0.0365
NIT OBT 4 NITZSCHIA OBTUSA -- -- -- -- -- -- -- -- 0.2480 -- -- -- -- -- -- -- -- -- -- -- -- 1.0460 -- --
NIT PAL 4 NITZSCHIA PALEA 0.0134 0.0219 0.0158 0.0370 0.0238 0.1172 0.0161 0.0290 0.0163 0.3561 0.0547 0.0366 0.1683 0.0769 0.0306 0.0155 0.0408 0.0361 0.0470 -- 0.0246 0.0285 0.0153 0.0159
NIT PAL DE 4 NITZSCHIA PALEA V DEBILIS -- -- -- -- -- -- -- 0.0493 -- -- -- -- -- -- -- -- -- 0.0166 -- -- -- -- 0.0204 --
NIT PALE 4 NITZSCHIA PALEACEA 0.0010 0.0131 0.0035 0.0055 0.0228 0.0065 0.0037 0.0018 0.0010 0.0186 0.0897 0.0279 0.0275 0.0085 0.0293 0.0060 0.0132 0.0525 0.0565 0.0249 0.0032 0.0161 0.0384 0.0011
NIT PALF 4 NITZSCHIA PALEAFORMIS 0.0672 0.3306 0.0752 0.1655 0.5872 0.2672 0.0497 0.0728 0.0587 0.3331 0.4846 0.1153 0.1357 0.4047 0.0803 0.3355 0.3270 0.4025 0.9970 0.6684 0.0160 0.3539 0.0243 0.0329
NIT PAR 4 NITZSCHIA PARVULA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NIT REV 4 NITZSCHIA REVERSA? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0242 0.0045 --
NIT SEM 4 NITZSCHIA SEMIROBUSTA 0.5512 0.4657 0.2052 0.0949 0.0640 0.1480 0.1227 0.1092 0.2057 0.0247 0.1601 0.0865 0.1137 0.0513 0.2176 0.1271 0.3621 0.0209 0.3945 0.2066 0.0964 0.3413 0.0388 0.4090
NIT SER 4 NITZSCHIA SERIATA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NIT SERP 4 NITZSCHIA SERPENTIRAPHE 0.2884 -- 0.5368 0.6788 3.0175 2.4783 0.2088 0.8740 0.3909 0.6151 0.3406 0.3756 0.6405 1.5459 1.9296 0.2375 0.7277 0.4920 7.2805 2.2277 -- 0.3432 1.2268 0.2950
NIT SIGM 4 NITZSCHIA SIGMOIDEA -- -- -- -- -- -- -- 18.3513 51.8084 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NIT VER 4 NITZSCHIA VERMICULARIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
NOD SPU 1 NODULARIA SPUMIGENA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.6562 --
OED PUN 3 OEDOGONIUM PUNCTATOSTRIATUM 23.4174 -- -- 0.9752 -- -- -- 3.5857 -- -- -- -- 13.3485 -- -- -- -- 4.8724 -- -- -- 5.2467 -- --
OOC LAC 3 OOCYSTIS LACUSTRIS -- -- -- -- -- -- -- -- -- -- -- -- 0.0081 -- -- 0.0109 -- -- -- -- -- -- -- --
OOC PAR 3 OOCYSTIS PARVA 0.0012 -- 0.0030 0.0022 -- 0.0020 0.0015 0.0009 0.0024 0.0003 0.0012 0.0017 0.0005 0.0015 0.0086 -- 0.0012 0.0165 0.0071 0.0117 0.0017 0.0026 0.0011 0.0002
OOC SOL 3 OOCYSTIS SOLITARIA 0.2105 0.0762 -- 0.7911 -- -- 0.0299 0.0631 -- -- 0.3129 0.0181 0.0249 0.0488 0.0386 0.1190 0.0881 0.0724 -- 0.4844 0.0411 0.2292 0.0091 0.0174
OPH CAP 7 OPHIOCYTIUM CAPITATUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
OSC AMP 1 OSCILLATORIA AMPHIBIA 0.0190 0.5390 0.0234 0.0762 0.1548 0.0501 0.0923 0.2108 0.0144 0.4519 2.7486 0.0530 1.3711 0.6538 0.3193 0.0407 -- 0.4380 0.2805 0.5748 0.0798 0.0263 0.0508 --
OSC AMPH 1 OSCILLATORIA AMPHIGRANULATA 0.0044 -- -- -- 0.0284 0.0007 -- -- -- -- 0.0233 -- 0.0583 -- 0.0326 0.0044 -- -- 0.0327 0.1162 -- 0.0034 -- --
OSC ANG 1 OSCILLATORIA ANGUSTISSIMA 0.0030 0.0129 0.0021 0.0269 0.0505 0.0350 0.0100 0.0158 0.0081 0.1031 0.1807 0.0182 0.0778 0.0253 0.0427 0.0228 0.0715 0.0629 0.0710 0.0750 0.0053 0.0051 0.0150 0.0026
OSC FOR 1 OSCILLATORIA FORMOSA 0.0770 0.0616 0.1857 0.5516 0.7397 0.3773 0.1527 0.2428 0.0724 2.1061 2.7674 0.6701 1.7054 1.1867 1.7967 0.2522 0.9931 0.8724 0.9796 1.1843 0.4532 0.0870 0.5967 0.0673
OSC GEM 1 OSCILLATORIA GEMINATA -- -- -- -- -- -- -- -- -- -- 0.0227 -- -- -- -- -- 0.0124 -- -- -- -- -- -- --
OSC GRA 1 OSCILLATORIA GRANULATA -- -- -- -- -- -- -- -- -- -- -- -- 0.0305 -- -- 0.1306 -- -- -- -- -- -- -- --
OSC LAC 1 OSCILLATORIA LACUSTRIS? -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
OSC LEM 1 OSCILLATORIA LEMMERMANNI -- -- -- -- -- -- -- 0.0068 -- -- -- -- -- 0.0664 -- -- -- -- -- -- -- -- -- --
OSC LIM 1 OSCILLATORIA LIMNETICA 0.0261 0.0118 0.0739 0.1199 0.4272 0.1956 0.0675 0.0666 0.0708 1.0768 2.3160 0.2226 0.4378 0.1559 0.7305 0.0518 0.2990 0.7303 0.2800 0.4822 0.0195 0.0127 0.4203 0.0028
OSC LIM 1 OSCILLATORIA LIMNETICA? 0.0283 0.0287 0.0075 0.0659 0.1741 0.0475 0.0116 0.0127 0.0098 0.0461 0.0936 0.0240 0.0234 0.0982 0.0559 0.0089 0.0219 0.0408 0.2841 0.1896 0.0072 0.0024 0.0672 0.0036
OSC LIMO 1 OSCILLATORIA LIMOSA -- 0.7402 -- -- 2.1935 -- -- -- -- -- 1.6745 3.2435 1.1333 0.3734 -- -- -- -- 7.8112 3.7641 -- 0.3771 1.4718 0.2787
OSC PRI 1 OSCILLATORIA PRINCEPS -- -- -- 25.6739 20.0562 13.2737 -- -- -- 10.8162 47.1246 -- -- -- -- -- -- -- -- 28.8703 -- -- -- --
OSC PRO 1 OSCILLATORIA PROLIFICA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
OSC QUA 1 OSCILLATORIA QUADRIPUNCTULATA -- 0.0027 -- -- -- 0.0050 0.0029 -- 0.0028 0.0029 -- -- -- 0.0056 -- -- -- -- -- -- -- -- -- --
OSC TEN 1 OSCILLATORIA TENUIS -- -- -- -- -- -- -- -- -- -- -- 0.0197 -- -- -- -- -- -- -- -- -- -- -- 0.0412
OSC WIL 1 OSCILLATORIA WILLEI? -- -- -- -- -- -- -- 0.0815 0.0428 -- -- -- -- 0.2270 -- -- -- 0.5891 -- -- -- -- -- --
PED OBT 3 PEDIASTRUM OBTUSUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0109 -- -- -- -- --
PED TET 3 PEDIASTRUM TETRAS -- -- -- -- -- -- -- -- -- -- 0.0837 -- -- -- -- -- -- 0.0671 -- -- -- -- -- --
PED TET TE 3 PEDIASTRUM TETRAS V TETRAODON -- -- 0.0208 -- -- -- -- 0.0088 -- -- -- 0.0053 -- -- -- -- 0.0209 -- -- 0.0402 -- -- -- --
PEL BAC 1 PELOGLOEA BACILLIFERA -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0175 -- -- -- -- -- -- -- -- -- --
PER ACI 12 PERIDINIUM ACICULIFERUM -- -- -- -- -- -- -- -- -- -- -- -- 0.0219 -- -- -- -- -- -- -- -- -- -- --
PER INC 12 PERIDINIUM INCONSPICUUM 0.0091 -- 0.0818 -- -- 0.0739 -- -- -- -- -- -- 0.0120 -- -- 0.0283 -- -- -- 0.3017 -- -- 0.0387 0.0346
PER PUS 12 PERIDINIUM PUSILLUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
PER PUS 12 PERIDINIUM PUSILUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
PIN ABA SU 4 PINNULARIA ABAUJENSIS V SUBUNDULATA -- -- 0.1220 -- -- -- 0.0509 -- 0.0562 -- -- -- -- -- -- -- -- -- -- -- 0.1706 -- -- 0.1272
PIN BIC 4 PINNULARIA BICEPS -- 0.0405 -- -- -- -- 0.0166 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
PIN RUT 4 PINNULARIA RUTTNERI -- -- 9.3871 -- -- -- -- -- 12.6573 -- -- -- -- -- -- -- -- -- -- -- 9.9738 -- -- --
PIN SOC 4 PINNULARIA SOCIALIS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
PIN STR 4 PINNULARIA STREPTORAPHE -- -- -- -- -- -- -- 1.8107 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
PIN VIR 4 PINNULARIA VIRIDIS -- -- -- -- -- -- -- -- 2.1278 -- -- -- -- -- -- 2.1330 -- -- -- -- 1.5724 -- -- --
PIN VIR MI 4 PINNULARIA VIRIDULA V MINOR -- -- -- -- -- -- -- 1.4159 -- -- -- -- -- -- -- -- -- -- -- -- 0.3660 -- -- --
PLA LEP 4 PLAGIOTROPIS LEPIDOPTERA 0.2959 -- 1.6929 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.6136 -- -- --
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EXHIBIT C-26
Porta-PSTA Average Algal Cell Biovolume Data (cm3/m2), April 1999 - March 2000

Organism Division 7 8 9 10 11 12
Code Code Organism PP-9 PP-11 PP-18 PP-4 PP-7 PP-8 PP-12 PP-14 PP-17 PP-3 PP-5 PP-10 PP-2 PP-13 PP-16 PP-1 PP-6 PP-15 PP-19 PP-20 PP-21 PP-22 PP-23 PP-24

Treatment
1 2 3 4 5 6

PLE DEL 4 PLEUROSIGMA DELICATULUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0431
PLE SAL BO 4 PLEUROSIGMA SALINARUM V BOYERI -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.3809 -- -- --
QUA CHO 3 QUADRIGULA CHODATI -- 0.0032 -- -- -- -- -- -- -- -- -- -- -- -- 0.0097 -- -- -- -- -- -- -- -- --
QUA LAC 3 QUADRIGULA LACUSTRIS -- -- -- -- -- -- -- -- 0.0019 -- -- -- -- -- 0.2334 -- -- -- -- -- -- -- -- --
RAD IRR 3 RADIOFILUM IRREGULARE -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
RAD NIM 3 RADIOCOCCUS NIMBATUS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
RHA LIN 1 RHABDODERMA LINEARE? 0.0533 0.0167 -- 0.5412 0.0549 0.0383 0.2791 1.1737 0.0234 0.0117 -- -- 0.1752 0.0926 0.8130 0.0144 -- 0.2311 -- -- -- -- 0.1098 --
RHO GIB VA 4 RHOPALODIA GIBBERULA V VANHEURCKII -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.4345 -- 0.1037 -- --
RHO GIB VE 4 RHOPALODIA GIBBA V VENTRICOSA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 1.1638 0.6176 -- -- -- --
RHO GIBA 4 RHOPALODIA GIBBA 1.4147 1.4313 0.7496 0.6245 1.8307 1.5367 0.3131 0.9466 -- 1.9970 1.9550 1.5903 0.8694 3.8201 6.0412 2.0359 2.6224 2.9131 9.7797 5.2934 -- 2.5827 0.6050 0.1476
SCE ACU 3 SCENEDESMUS ACUMINATUS -- -- -- -- -- -- -- -- 0.0016 -- -- -- -- 0.0066 -- -- -- -- -- 0.0056 -- -- -- --
SCE ARM 3 SCENEDESMUS ARMATUS 0.0058 -- -- -- -- 0.0022 -- -- -- -- -- -- -- 0.0282 -- -- -- -- 0.0139 0.0068 -- -- -- --
SCE BIJ 3 SCENEDESMUS BIJUGA 0.0018 0.0011 0.0025 0.0015 0.0025 0.0020 0.0021 0.0020 0.0027 0.0109 0.0035 0.0083 0.0045 0.0029 0.0034 0.0015 0.0039 0.0043 0.0039 0.0037 0.0009 0.0012 0.0035 0.0012
SCE BIJ AL 3 SCENEDESMUS BIJUGA V ALTERNANS -- -- -- 0.0138 0.0195 -- 0.0045 -- 0.0019 -- 0.0128 -- -- 0.0146 0.0075 0.0109 0.0059 -- 0.0694 -- -- 0.0108 0.0148 0.0033
SCE BRE 3 SCENEDESMUS BREVISPINA -- -- -- -- 0.0616 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
SCE DEN 3 SCENEDESMUS DENTICULATUS -- 0.0173 -- -- 0.1314 -- 0.0754 -- 0.0237 -- 0.0591 -- -- -- 0.0021 0.0499 0.0093 -- 0.0240 0.0060 -- -- -- 0.0396
SCE DIM 3 SCENEDESMUS DIMORPHUS -- -- 0.0030 0.0029 0.0006 -- -- -- -- -- 0.0067 0.0020 -- -- 0.0015 -- -- -- 0.0070 -- -- -- -- --
SCE OBL 3 SCENEDESMUS OBLIQUUS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0016 --
SCE QUA 3 SCENEDESMUS QUADRICAUDA 0.0066 0.1983 0.0091 -- -- -- -- -- -- 0.0117 -- 0.0032 0.0074 0.0714 0.0179 0.0038 -- -- 0.0262 0.0162 0.0307 0.0118 -- --
SCE SEM 3 SCENEDESMUS SEMIPULCHER -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
SCE SOL 3 SCENEDESMUS SOLI? -- -- -- -- -- -- -- 0.0076 -- -- -- 0.0040 -- 0.0044 -- -- -- -- -- -- -- 0.0054 -- --
SCE SUB 3 SCENEDESMUS SUBSPICATUS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
SCH ARE 1 SCHIZOTHRIX ARENARIA? 0.0135 0.0029 -- 0.1358 0.7849 0.0758 0.0985 0.0706 0.0835 -- 2.0733 0.0068 0.2936 0.0379 2.2991 0.5380 0.4555 0.2870 0.2006 1.1892 -- -- 1.0861 --
SCH CAL 1 SCHIZOTHRIX CALCICOLA -- -- -- -- -- -- -- -- -- -- -- -- -- 0.0013 -- -- -- -- -- -- -- -- -- --
SCH SET 3 SCHROEDERIA SETIGERA 0.0013 -- -- 0.0090 0.0204 -- -- -- -- -- -- -- -- -- 0.0094 -- -- -- -- 0.0201 0.0064 -- -- --
SCY HOF 1 SCYTONEMA HOFMANII? -- -- -- -- -- -- -- -- -- -- -- -- -- 0.3683 -- -- -- -- -- -- -- -- -- --
SNO LAC 1 SNOWELLA LACUSTRIS -- 0.0539 0.0397 0.0239 0.1262 0.0286 0.0155 -- 0.1890 0.1038 0.0254 0.0425 0.0128 0.1492 0.0886 0.0357 0.0018 0.0656 0.0524 0.1341 -- -- 0.0199 0.0382
SPH SCH 3 SPHAEROCYSTIS SCHROERTERI 0.0760 0.0167 0.0204 0.0546 0.5277 0.0832 0.3416 0.0367 0.0736 0.0795 0.2198 0.1121 0.2261 0.0641 0.2165 0.1723 1.0286 0.7606 0.3039 1.0593 0.0391 0.0500 0.0292 0.0560
SPI LAX 1 SPIRULINA LAXA 0.3390 -- -- 0.0086 -- -- -- -- -- -- 0.0401 0.3333 0.0196 0.0592 -- 0.1358 0.0429 -- -- -- -- -- -- 0.0033
SPI MAJ 1 SPIRULINA MAJOR -- -- -- -- -- 0.0022 0.0044 -- -- 0.0018 -- -- -- -- -- 0.0081 -- 0.0209 0.0081 -- -- -- -- 0.0018
SPI SUB 1 SPIRULINA SUBSALSA 0.0131 0.0356 0.0460 0.0166 0.0382 0.0607 0.0207 0.0177 0.0111 0.0354 0.2037 0.0502 0.0210 0.0197 0.1280 0.0272 0.0456 0.0322 0.0617 0.0125 -- 0.0020 0.0191 0.0049
SPI SUBT 3 SPIRULINA SUBTILISSIMA -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
SPO PLA 3 SPONDYLOSIUM PLANUM -- -- -- 0.0014 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
STA PHO GR 4 STAURONEIS PHOENICENTERON F GRACILIS -- 0.2097 -- -- -- -- -- -- 0.1082 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
STAU CYC A 3 STAURASTRUM CYCLACANTHUM V AMERICANUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 2.8824 --
STAU GRA 3 STAURASTRUM GRACILE 0.0041 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
STAU HEX 3 STAURASTRUM HEXACERUM -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
STAU LEP I 3 STAURASTRUM LEPTOCLADUM V INSIGNE -- -- -- -- -- -- -- -- -- -- -- 0.1393 -- -- -- -- -- -- -- -- -- -- -- --
STAU LEP S 3 STAURASTRUM LEPTOCLADUM V SINUATUM -- -- 0.0603 0.1197 0.0568 -- 0.1064 -- -- -- -- -- -- -- -- 0.0369 0.2754 -- -- -- -- -- -- --
STAU MAN F 3 STAURASTRUM MANFELDTII V FLUMINENSE -- -- -- -- 0.6347 -- 0.5958 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
STAU PAR P 3 STAURASTRUM PARADOXUM V PARVULUM -- -- -- -- -- -- 0.0038 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
STAU TET 3 STAURASTRUM TETRACERUM 0.0035 0.0054 0.0117 -- -- -- 0.0136 -- 0.0046 -- 0.0370 -- -- -- -- 0.0070 -- -- -- -- -- -- -- 0.0031
SUR ELE 4 SURIRELLA ELEGANS -- 4.0943 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
SYN ACU 4 SYNEDRA ACUS -- -- -- -- -- -- -- -- -- -- -- 0.2623 -- -- -- -- -- -- -- -- -- 0.3136 -- --
SYN RUM FA 4 SYNEDRA RUMPENS V FAMILIARIS 0.0138 0.0092 -- -- -- -- -- -- -- -- -- 0.0054 -- 0.0375 -- -- -- -- 0.0065 -- -- -- -- --
TET MIN 3 TETRAEDRON MINIMUM 0.0006 0.0005 -- 0.0022 0.0128 -- 0.0011 0.0043 -- 0.0003 -- -- 0.0005 0.0098 0.0007 0.0021 0.0028 -- 0.0143 -- 0.0054 0.0007 0.0004 0.0014
TET TRI 3 TETRAEDRON TRIGONUM 0.0086 0.0783 0.0602 0.0752 0.0990 0.0136 0.0171 0.0378 -- -- 0.0815 0.0709 0.0740 -- 0.0069 0.2169 0.3649 0.0516 0.5284 0.1884 -- 0.0922 0.0454 0.0094
UN CHL FI 3 UNID CHLOROPHYCEAE FILAMENT BASAL CELLS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
UN FIL CH 3 UNID FILAMENTOUS CHLOROPHYTA -- 0.0283 -- -- -- -- 1.4793 0.2908 0.3077 -- -- 0.1096 3.3030 0.2766 5.2049 0.4386 -- -- 0.1195 0.2009 0.0379 0.1403 0.2742 --
PP = Porta-PSTA
Codes:
1 = Cyanobacteria (Bluegreens) 7 = Xanthophyceae (Yellow greens)
3 = Chlorophytea (Greens) 10 = Euglenophyta (Euglenoids)
4 = Bacillariophyceae (Diatoms) 11 = Cryptophyta (Cryptomoniads)
5 = Chrysomonodates (Dinobryon12 = Pyrrhophyta (Dinoflagellates)

DFB/exc.xls Page 5 of 5



DFB/APP C.DOC C-57

C.8.2.3  Chlorophyll
Chlorophyll provides a direct method for quantifying the algal component of the
periphyton biomass. Chlorophyll a concentrations corrected for phaeophytin averaged
between 43 and 96 mg/m2 in the peat treatments. Average chlorophyll a concentrations in
the shellrock treatments ranged from 39 to 80 mg/m2. Chlorophyll a was highest in the sand
treatments during this period with 104 to 140 mg/m2. Graphical comparisons between
chlorophyll and biovolumes, cell counts and AFDW are provided in Exhibits C-27, C-28 and
C-29, respectively.

C.8.3 Snail Counts
Populations of at least two species of snails have been increasing in a few of the Porta-PSTA
mesocosms since startup. These populations were estimated by a direct count on October 6,
1999; November 29, 1999; December 13, 1999; and March 21, 2000. These counts are known
to be minimum numbers since some snails are not visible because of algal and plant
material in the tanks.

Exhibit C-30 provides a summary of the snail estimates in October, November, December,
and March by Porta-PSTA. Snail colonization was highest in Tanks 20 (Treatment 8 - deep
sand), 1 (Treatment 6 – variable depth shellrock), 6 (Treatment 6 - variable depth shellrock),
and 13 (Treatment 5 - deep shellrock).

C.8.4 Porta-PSTA Wall Sample Analysis
Periphyton mat samples were collected from the wall of dry-down tanks during Phase 1;
these data are provided in Exhibit C-31.

C.9 Ecosystem Metabolism
C.9.1 Community Metabolism
Exhibit C-32 summarizes the ecosystem metabolism estimates for the Porta-PSTAs by
month, quarter, and period-of-record. CM of the Porta-PSTA ecosystems has averaged
between 0.12 and 4.67 g O2/m2/d during Phase 1. Long-term average CM in the Aquashade
controls was much lower with approximately 0.37 to 0.39 g O2/m2/d.

Photosynthetic efficiency was estimated to average between 0.64 to 1.6 percent in all
treatments except the Aquashade controls, which averaged approximately 0.19 percent.

C.9.2 PAR Extinction
Exhibit C-33 summarizes the PAR extinction data for the Porta-PSTAs since the project
started in April 1999. Long-term average PAR extinction coefficients generally ranged
between 1.5 and 3.3 m-1. Extinction coefficients were highest in the Aquashade controls (4.1
to 4.7 m-1).
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EXHIBIT C-27
Correlation between Algal Cell Biovolumes and Chlorophyll a  in Porta-PSTA Periphyton Core Samples
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EXHIBIT C-28
Correlation between Algal Cell Counts and Chlorophyll a  in Porta-PSTA Periphyton Core Samples
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EXHIBIT C-29
Correlation between Algal Cell AFDW and Chlorophyll a  in Porta-PSTA Periphyton Core Samples
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Exhibit C-30
Summary of Snail Counts in Porta-PSTA Mesocosms, October 1999 - March 2000 DFB/Ex C2.xls

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Tank #

N
um

be
r p

er
 s

qu
ar

e 
m

et
er

10/06/1999
11/29/1999
12/13/1999
03/21/2000



EXHIBIT C-31
Porta-PSTA Wall Data Summary, November and December 1999

Date Sampled PP # Treat #
Sample 

Location
Sample Area 

(m2)
TP (mg/kg 

dw)
Dry Weight 

(g/m2)
Ash-Free Dry 
Weight (g/m2)

Ash Weight 
(g/m2) TP (mg/m2)

Cell Count 
(#/m2)

Biovolume 
(cm3/m2)

Corr. Chl a 
(mg/m2)

11/18/1999 15 6 East 0.042 125.9 16.75 4.99 11.76 2.11 ND ND ND
11/18/1999 15 6 West 0.042 101.2 143.54 38.18 105.36 14.53 ND ND ND
11/18/1999 1 6 East 0.070 149.6 24.40 4.46 19.93 3.65 ND ND ND
11/18/1999 1 6 West 0.045 112.5 48.58 10.30 38.28 5.46 ND ND ND
12/14/1999 4 2 East 0.017 ND 204.70 47.73 156.97 ND 7.088E+10 149.45 52.18
12/14/1999 4 2 West 0.017 ND 257.73 55.15 202.58 ND 6.019E+10 124.64 61.30
12/14/1999 5 4 East 0.017 ND 224.85 50.91 173.94 ND 1.466E+11 182.43 67.88
12/14/1999 5 4 West 0.017 ND 257.73 55.15 202.58 ND 1.214E+11 233.46 86.33
12/14/1999 14 3 East 0.017 ND 25.14 8.48 16.65 ND 1.215E+09 1.32 1.07
12/14/1999 14 3 West 0.017 ND 26.41 7.32 19.09 ND 1.02E+09 1.42 1.05
12/14/1999 19 7 East 0.017 ND 200.45 45.61 154.85 ND 9.073E+10 57.26 57.48
12/14/1999 19 7 West 0.017 ND 260.91 58.33 202.58 ND 1.028E+11 141.38 60.88
12/14/1999 22 10 East 0.017 ND 282.12 54.09 228.03 ND 1.038E+11 172.62 79.44
12/14/1999 22 10 West 0.017 ND 273.64 57.27 216.36 ND 8.774E+10 183.96 93.23
Averages -- -- -- -- 122.3 160.49 35.57 124.92 1.84 7.864E+10 124.79 56.08
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Exhibit C-32
Period-of-Record, Quarterly, and Monthly Summaries of Ecosystem Metabolism Data from the Porta-PSTA Treatments, April 1999- March 2000

NPP(day) GPP(day) CR(24hr) CM(24hr) NPP(24hr)
Avg Night 

Respiration PAR(24hr) Efficiency
Treatment Date g/m2/d g/m2/d g/m2/d g/m2/d g/m2/d g/m2/hr E/m2/d %

Period of Record
1 1999 - 2000 0.934 2.665 2.797 2.665 -0.132 0.117 34.8 1.467
2 1999 - 2000 0.511 1.135 2.360 1.135 0.329 0.098 34.1 0.636
3 1999 - 2000 0.357 1.529 1.962 1.529 -0.434 0.082 31.6 0.926
4 1999 - 2000 1.218 2.648 2.375 2.648 0.273 0.099 32.6 1.554
5 1999 - 2000 1.279 2.995 2.849 2.995 0.146 0.119 35.3 1.624
6 1999 - 2000 1.085 2.091 1.765 2.091 0.326 0.074 32.3 1.238
7 1999 - 2000 1.265 2.375 1.848 2.375 0.528 0.077 29.6 1.535
8 1999 - 2000 0.956 1.880 1.501 1.880 0.379 0.063 25.9 1.387
9 1999 - 2000 -0.046 0.368 1.233 0.368 -0.556 0.051 36.5 0.193

10 1999 - 2000 0.158 0.386 1.200 0.386 -0.026 0.050 36.4 0.203
11 1999 - 2000 1.049 2.294 2.161 2.294 0.133 0.090 27.5 1.597
12 1999 - 2000 0.210 1.612 2.368 1.612 -0.756 0.099 36.1 0.854

Quarterly
1 Qtr-3 0.447 1.762 2.120 1.762 -0.358 0.088 41.4 0.815

Qtr-4 1.355 3.796 3.905 3.796 -0.109 0.163 43.1 1.687
Qtr-5 1.289 2.761 2.678 2.761 0.082 0.112 26.5 1.995
Qtr-6 0.373 1.968 2.162 1.968 -0.194 0.090 25.5 1.476
Qtr-7 -- -- -- -- -- -- -- --

2 Qtr-3 0.153 0.279 1.515 0.279 0.579 0.063 34.9 0.153
Qtr-4 1.149 2.643 2.251 2.643 0.392 0.094 36.5 1.384
Qtr-5 1.387 3.256 3.254 3.256 0.002 0.136 25.0 2.492
Qtr-6 -- -- -- -- -- -- -- --
Qtr-7 -- -- -- -- -- -- -- --

3 Qtr-3 0.614 2.011 2.270 2.011 -0.258 0.095 35.8 1.074
Qtr-4 0.352 1.291 1.492 1.291 -0.201 0.062 40.7 0.606
Qtr-5 0.403 1.673 2.159 1.673 -0.486 0.090 32.3 0.990
Qtr-6 0.059 0.938 1.392 0.938 -0.454 0.058 21.5 0.835
Qtr-7 0.526 1.990 2.562 1.990 -0.572 0.107 32.9 1.156

4 Qtr-3 1.471 2.903 2.315 2.903 0.588 0.096 41.5 1.339
Qtr-4 1.054 2.442 2.130 2.442 0.312 0.089 36.5 1.279
Qtr-5 1.224 2.504 2.237 2.504 0.266 0.093 33.8 1.416
Qtr-6 0.743 1.238 0.802 1.238 0.436 0.033 25.4 0.933
Qtr-7 1.488 3.474 3.404 3.474 0.070 0.142 29.5 2.256

5 Qtr-3 1.063 2.305 2.023 2.305 0.282 0.084 49.4 0.892
Qtr-4 1.415 3.618 3.365 3.618 0.253 0.140 44.4 1.558
Qtr-5 1.287 3.176 3.053 3.176 0.123 0.127 35.4 1.714
Qtr-6 1.040 1.961 1.771 1.961 0.190 0.074 22.6 1.661
Qtr-7 1.374 3.219 3.228 3.219 -0.009 0.135 30.2 2.038

6 Qtr-3 1.722 3.488 2.880 3.488 0.607 0.120 43.7 1.527
Qtr-4 0.896 2.113 1.857 2.113 0.255 0.077 34.8 1.163
Qtr-5 1.169 2.901 2.900 2.901 0.001 0.121 29.3 1.893
Qtr-6 0.740 1.302 1.123 1.302 0.179 0.047 19.5 1.275
Qtr-7 1.007 1.317 0.902 1.317 0.415 0.038 29.6 0.852

7 Qtr-3 -- -- -- -- -- -- -- --
Qtr-4 1.655 3.451 2.754 3.451 0.697 0.115 35.7 1.851
Qtr-5 1.100 1.820 1.329 1.820 0.491 0.055 30.5 1.143
Qtr-6 0.748 1.246 0.971 1.246 0.275 0.040 19.2 1.240
Qtr-7 1.468 2.623 1.986 2.623 0.637 0.083 34.4 1.459

8 Qtr-3 -- -- -- -- -- -- -- --
Qtr-4 0.985 2.011 1.577 2.011 0.434 0.066 33.4 1.152
Qtr-5 1.079 2.036 1.582 2.036 0.455 0.066 21.9 1.780
Qtr-6 0.503 1.019 1.032 1.019 -0.013 0.043 15.6 1.246
Qtr-7 -- -- -- -- -- -- -- --

9 Qtr-3 -0.044 0.119 1.188 0.119 -0.681 0.049 41.6 0.055
Qtr-4 -0.104 0.658 1.159 0.658 -0.500 0.048 36.7 0.344
Qtr-5 0.092 1.391 2.185 1.391 -0.794 0.091 22.7 1.173
Qtr-6 0.159 0.795 1.122 0.795 -0.327 0.047 24.2 0.627
Qtr-7 -0.679 0.121 0.937 0.121 -0.816 0.039 30.0 0.077

10 Qtr-3 0.094 0.215 1.430 0.215 0.047 0.060 38.5 0.107
Qtr-4 0.228 1.382 1.777 1.382 -0.395 0.074 50.5 0.524
Qtr-5 0.676 1.531 1.579 1.531 -0.048 0.066 31.0 0.945
Qtr-6 0.312 0.662 0.635 0.662 0.027 0.026 22.2 0.571
Qtr-7 0.458 1.274 1.400 1.274 -0.126 0.058 29.9 0.814

11 Qtr-3 -- -- -- -- -- -- -- --
Qtr-4 1.191 2.276 1.707 2.276 0.569 0.071 40.0 1.089
Qtr-5 1.099 2.132 1.907 2.132 0.225 0.079 24.8 1.644
Qtr-6 0.606 1.235 1.188 1.235 0.048 0.049 23.5 1.007
Qtr-7 1.528 3.772 3.845 3.772 -0.074 0.160 25.3 2.847
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Exhibit C-32
Period-of-Record, Quarterly, and Monthly Summaries of Ecosystem Metabolism Data from the Porta-PSTA Treatments, April 1999- March 2000

NPP(day) GPP(day) CR(24hr) CM(24hr) NPP(24hr)
Avg Night 

Respiration PAR(24hr) Efficiency
Treatment Date g/m2/d g/m2/d g/m2/d g/m2/d g/m2/d g/m2/hr E/m2/d %

12 Qtr-3 -- -- -- -- -- -- -- --
Qtr-4 0.340 1.825 2.248 1.825 -0.423 0.094 47.2 0.740
Qtr-5 0.084 0.909 1.581 0.909 -0.672 0.066 24.6 0.707
Qtr-6 0.164 1.868 3.013 1.868 -1.145 0.126 32.7 1.094
Qtr-7 -- -- -- -- -- -- -- --

Monthly
1 Apr-1999 0.447 1.762 2.120 1.762 -0.358 0.088 41.4 0.815

May-1999 1.355 3.796 3.905 3.796 -0.109 0.163 43.1 1.687
Jun-1999 -- -- -- -- -- -- -- --
Jul-1999 -- -- -- -- -- -- -- --
Aug-1999 -- -- -- -- -- -- -- --
Sep-1999 1.030 2.216 2.033 2.216 0.183 0.085 28.4 1.495
Oct-1999 1.375 2.942 2.893 2.942 0.049 0.121 25.8 2.178
Nov-1999 0.043 1.912 2.102 1.912 -0.190 0.088 29.8 1.226
Dec-1999 0.869 2.053 2.253 2.053 -0.201 0.094 19.0 2.063
Jan-2000 -- -- -- -- -- -- -- --
Feb-2000 -- -- -- -- -- -- -- --
Mar-2000 -- -- -- -- -- -- -- --

2 Apr-1999 1.147 2.093 1.515 2.093 0.579 0.063 53.9 0.744
May-1999 -- -- -- -- -- -- -- --
Jun-1999 0.902 2.051 1.739 2.051 0.312 0.072 32.0 1.225
Jul-1999 1.520 3.533 3.020 3.533 0.513 0.126 43.3 1.561
Aug-1999 1.051 3.164 3.623 3.164 -0.459 0.151 24.0 2.523
Sep-1999 1.471 3.279 3.162 3.279 0.117 0.132 25.2 2.485
Oct-1999 -- -- -- -- -- -- -- --
Nov-1999 -- -- -- -- -- -- -- --
Dec-1999 -- -- -- -- -- -- -- --
Jan-2000 -- -- -- -- -- -- -- --
Feb-2000 -- -- -- -- -- -- -- --
Mar-2000 -- -- -- -- -- -- -- --

3 Apr-1999 0.614 2.011 2.270 2.011 -0.258 0.095 35.8 1.074
May-1999 0.291 1.113 1.315 1.113 -0.202 0.055 43.2 0.492
Jun-1999 0.556 1.884 2.080 1.884 -0.196 0.087 32.4 1.113
Jul-1999 -- -- -- -- -- -- -- --
Aug-1999 0.478 1.978 2.400 1.978 -0.422 0.100 37.0 1.024
Sep-1999 -- -- -- -- -- -- -- --
Oct-1999 0.329 1.368 1.918 1.368 -0.550 0.080 27.7 0.945
Nov-1999 0.167 1.109 1.567 1.109 -0.458 0.065 29.4 0.720
Dec-1999 0.143 0.945 1.504 0.945 -0.559 0.063 17.2 1.049
Jan-2000 0.009 0.905 1.319 0.905 -0.414 0.055 21.6 0.801
Feb-2000 0.320 1.212 1.681 1.212 -0.469 0.070 23.1 1.002
Mar-2000 0.636 2.405 3.032 2.405 -0.627 0.126 38.2 1.206

4 Apr-1999 1.471 2.903 2.315 2.903 0.588 0.096 41.5 1.339
May-1999 -- -- -- -- -- -- -- --
Jun-1999 0.878 1.931 1.629 1.931 0.303 0.068 32.6 1.134
Jul-1999 1.207 2.889 2.569 2.889 0.320 0.107 40.0 1.382
Aug-1999 1.797 3.320 2.610 3.320 0.709 0.109 44.8 1.419
Sep-1999 0.979 2.154 2.077 2.154 0.077 0.087 29.1 1.415
Oct-1999 -- -- -- -- -- -- -- --
Nov-1999 -- -- -- -- -- -- -- --
Dec-1999 -- -- -- -- -- -- -- --
Jan-2000 0.743 1.238 0.802 1.238 0.436 0.033 25.4 0.933
Feb-2000 1.415 3.043 2.792 3.043 0.251 0.116 29.4 1.977
Mar-2000 1.541 3.787 3.849 3.787 -0.063 0.160 29.5 2.459

5 Apr-1999 1.063 2.305 2.023 2.305 0.282 0.084 49.4 0.892
May-1999 1.610 3.958 3.561 3.958 0.397 0.148 47.8 1.585
Jun-1999 0.517 2.215 2.547 2.215 -0.332 0.106 30.1 1.408
Jul-1999 1.494 3.646 3.388 3.646 0.258 0.141 45.0 1.551
Aug-1999 1.270 3.158 3.021 3.158 0.138 0.126 35.6 1.696
Sep-1999 1.386 3.279 3.246 3.279 0.034 0.135 34.4 1.826
Oct-1999 -- -- -- -- -- -- -- --
Nov-1999 1.191 2.344 2.129 2.344 0.215 0.089 25.5 1.759
Dec-1999 -- -- -- -- -- -- -- --
Jan-2000 0.964 1.770 1.592 1.770 0.178 0.066 21.1 1.603
Feb-2000 1.069 2.306 2.260 2.306 0.045 0.094 25.7 1.713
Mar-2000 1.642 4.019 4.076 4.019 -0.057 0.170 34.1 2.253
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Exhibit C-32
Period-of-Record, Quarterly, and Monthly Summaries of Ecosystem Metabolism Data from the Porta-PSTA Treatments, April 1999- March 2000

NPP(day) GPP(day) CR(24hr) CM(24hr) NPP(24hr)
Avg Night 

Respiration PAR(24hr) Efficiency
Treatment Date g/m2/d g/m2/d g/m2/d g/m2/d g/m2/d g/m2/hr E/m2/d %

6 Apr-1999 1.722 3.488 2.880 3.488 0.607 0.120 43.7 1.527
May-1999 1.057 2.195 1.779 2.195 0.416 0.074 44.1 0.953
Jun-1999 0.951 1.896 1.434 1.896 0.462 0.060 30.3 1.195
Jul-1999 0.795 2.201 2.133 2.201 0.068 0.089 33.3 1.265
Aug-1999 1.262 3.034 2.953 3.034 0.081 0.123 30.0 1.933
Sep-1999 0.702 2.240 2.636 2.240 -0.397 0.110 25.8 1.661
Oct-1999 -- -- -- -- -- -- -- --
Nov-1999 -- -- -- -- -- -- -- --
Dec-1999 -- -- -- -- -- -- -- --
Jan-2000 0.740 1.302 1.123 1.302 0.179 0.047 19.5 1.275
Feb-2000 0.707 1.115 0.737 1.115 0.379 0.031 26.9 0.792
Mar-2000 1.393 1.577 1.115 1.577 0.462 0.046 33.0 0.914

7 Apr-1999 -- -- -- -- -- -- -- --
May-1999 0.862 1.831 1.511 1.831 0.319 0.063 42.8 0.819
Jun-1999 2.250 4.666 3.686 4.666 0.980 0.154 30.3 2.942
Jul-1999 -- -- -- -- -- -- -- --
Aug-1999 -- -- -- -- -- -- -- --
Sep-1999 -- -- -- -- -- -- -- --
Oct-1999 1.100 1.820 1.329 1.820 0.491 0.055 30.5 1.143
Nov-1999 0.664 1.100 0.806 1.100 0.294 0.034 21.3 0.988
Dec-1999 0.581 1.101 1.004 1.101 0.097 0.042 19.3 1.092
Jan-2000 0.944 1.440 0.992 1.440 0.447 0.041 18.5 1.492
Feb-2000 0.914 1.348 0.758 1.348 0.590 0.032 28.6 0.903
Mar-2000 2.023 3.898 3.214 3.898 0.683 0.134 40.2 1.855

8 Apr-1999 -- -- -- -- -- -- -- --
May-1999 -- -- -- -- -- -- -- --
Jun-1999 0.985 2.011 1.577 2.011 0.434 0.066 33.4 1.152
Jul-1999 -- -- -- -- -- -- -- --
Aug-1999 1.312 3.040 2.764 3.040 0.276 0.115 24.5 2.369
Sep-1999 -- -- -- -- -- -- -- --
Oct-1999 0.845 1.033 0.399 1.033 0.634 0.017 19.2 1.028
Nov-1999 -- -- -- -- -- -- -- --
Dec-1999 0.503 1.019 1.032 1.019 -0.013 0.043 15.6 1.246
Jan-2000 -- -- -- -- -- -- -- --
Feb-2000 -- -- -- -- -- -- -- --
Mar-2000 -- -- -- -- -- -- -- --

9 Apr-1999 -0.186 0.506 1.188 0.506 -0.681 0.049 44.6 0.217
May-1999 -0.187 0.605 1.224 0.605 -0.619 0.051 50.5 0.229
Jun-1999 -0.076 0.676 1.137 0.676 -0.461 0.047 32.0 0.404
Jul-1999 -- -- -- -- -- -- -- --
Aug-1999 0.045 1.340 2.073 1.340 -0.732 0.086 19.8 1.294
Sep-1999 -- -- -- -- -- -- -- --
Oct-1999 0.188 1.493 2.409 1.493 -0.916 0.100 28.5 1.004
Nov-1999 -0.055 0.616 1.209 0.616 -0.594 0.050 21.0 0.561
Dec-1999 0.425 1.023 1.196 1.023 -0.173 0.050 25.1 0.780
Jan-2000 0.107 0.745 0.960 0.745 -0.215 0.040 26.6 0.535
Feb-2000 -0.679 0.121 0.937 0.121 -0.816 0.039 30.0 0.077
Mar-2000 -- -- -- -- -- -- -- --

10 Apr-1999 0.643 1.477 1.430 1.477 0.047 0.060 44.6 0.633
May-1999 0.228 1.382 1.777 1.382 -0.395 0.074 50.5 0.524
Jun-1999 -- -- -- -- -- -- -- --
Jul-1999 -- -- -- -- -- -- -- --
Aug-1999 -- -- -- -- -- -- -- --
Sep-1999 -- -- -- -- -- -- -- --
Oct-1999 0.676 1.531 1.579 1.531 -0.048 0.066 31.0 0.945
Nov-1999 0.200 0.640 0.748 0.640 -0.109 0.031 22.6 0.541
Dec-1999 0.123 0.338 0.430 0.338 -0.092 0.018 17.5 0.369
Jan-2000 0.723 1.030 0.613 1.030 0.417 0.026 25.9 0.761
Feb-2000 0.458 1.274 1.400 1.274 -0.126 0.058 29.9 0.814
Mar-2000 -- -- -- -- -- -- -- --
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Exhibit C-32
Period-of-Record, Quarterly, and Monthly Summaries of Ecosystem Metabolism Data from the Porta-PSTA Treatments, April 1999- March 2000

NPP(day) GPP(day) CR(24hr) CM(24hr) NPP(24hr)
Avg Night 

Respiration PAR(24hr) Efficiency
Treatment Date g/m2/d g/m2/d g/m2/d g/m2/d g/m2/d g/m2/hr E/m2/d %

11 Apr-1999 -- -- -- -- -- -- -- --
May-1999 1.253 2.335 1.691 2.335 0.644 0.070 44.1 1.013
Jun-1999 1.003 2.101 1.757 2.101 0.344 0.073 27.7 1.450
Jul-1999 -- -- -- -- -- -- -- --
Aug-1999 -- -- -- -- -- -- -- --
Sep-1999 -- -- -- -- -- -- -- --
Oct-1999 1.099 2.132 1.907 2.132 0.225 0.079 24.8 1.644
Nov-1999 1.052 2.048 1.594 2.048 0.454 0.066 24.4 1.606
Dec-1999 0.777 1.323 1.034 1.323 0.289 0.043 26.3 0.963
Jan-2000 0.448 1.038 1.168 1.038 -0.130 0.049 22.2 0.895
Feb-2000 1.696 3.788 3.587 3.788 0.201 0.149 28.6 2.536
Mar-2000 1.361 3.755 4.104 3.755 -0.349 0.171 22.1 3.249

12 Apr-1999 -- -- -- -- -- -- -- --
May-1999 0.340 1.825 2.248 1.825 -0.423 0.094 47.2 0.740
Jun-1999 -- -- -- -- -- -- -- --
Jul-1999 -- -- -- -- -- -- -- --
Aug-1999 -- -- -- -- -- -- -- --
Sep-1999 -- -- -- -- -- -- -- --
Oct-1999 -- -- -- -- -- -- -- --
Nov-1999 0.158 1.057 1.660 1.057 -0.603 0.069 27.1 0.747
Dec-1999 -- -- -- -- -- -- -- --
Jan-2000 0.009 0.760 1.502 0.760 -0.742 0.063 22.1 0.659
Feb-2000 0.188 1.697 2.772 1.697 -1.074 0.115 23.7 1.370
Mar-2000 0.140 2.039 3.255 2.039 -1.216 0.136 41.6 0.937
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Exhibit C-33

Water Depth PAR (µmol/m2/s) Z Ext Coeff
Treatment Date (m) Surface Bottom (m) (m-1)

Period of Record
1 1999 - 2000 0.64 1138.6 484.1 0.51 2.22
2 1999 - 2000 0.63 1167.8 609.0 0.51 1.72
3 1999 - 2000 0.29 708.9 451.5 0.17 3.04
4 1999 - 2000 0.36 920.5 535.4 0.24 2.80
5 1999 - 2000 0.55 1066.6 456.9 0.42 2.55
6 1999 - 2000 0.40 1111.0 616.5 0.34 1.60
7 1999 - 2000 0.39 1178.9 556.0 0.27 3.31
8 1999 - 2000 0.69 1115.6 561.9 0.57 1.45
9 1999 - 2000 0.63 887.8 111.5 0.51 4.70
10 1999 - 2000 0.65 944.1 102.7 0.52 4.63
11 1999 - 2000 0.34 1197.2 781.2 0.21 2.46
12 1999 - 2000 0.34 890.8 576.2 0.22 2.33

Quarterly
1 Qtr-3 0.61 155.9 57.3 0.49 2.03

Qtr-4 0.63 2016.1 994.4 0.51 1.39
Qtr-5 0.65 862.5 312.9 0.53 2.51
Qtr-6 0.64 563.9 117.8 0.51 3.07
Qtr-7 -- -- -- -- --

2 Qtr-3 0.61 136.9 69.1 0.49 1.43
Qtr-4 0.60 2160.7 1368.5 0.48 1.00
Qtr-5 0.65 940.9 314.9 0.53 2.34
Qtr-6 0.64 528.0 217.4 0.52 1.85
Qtr-7 -- -- -- -- --

3 Qtr-3 0.28 220.4 137.0 0.16 2.79
Qtr-4 0.27 1488.3 1101.7 0.15 1.89
Qtr-5 0.30 498.4 293.8 0.18 2.76
Qtr-6 0.29 624.2 266.8 0.17 4.99
Qtr-7 0.29 227.1 147.3 0.17 2.39

4 Qtr-3 0.35 200.6 148.9 0.22 1.39
Qtr-4 0.37 2101.1 1467.8 0.22 1.64
Qtr-5 0.37 655.2 334.2 0.25 2.46
Qtr-6 0.36 358.9 170.6 0.27 3.49
Qtr-7 0.36 946.6 334.4 0.23 4.55

5 Qtr-3 0.62 312.6 119.2 0.50 1.87
Qtr-4 0.61 1799.5 805.8 0.46 1.86
Qtr-5 0.64 906.1 367.9 0.52 2.05
Qtr-6 0.53 967.0 431.8 0.41 2.50
Qtr-7 0.32 707.7 258.5 0.20 4.65

6 Qtr-3 0.33 208.8 160.4 0.20 1.37
Qtr-4 0.51 1766.5 1051.4 0.39 1.23
Qtr-5 0.64 995.9 379.4 0.52 2.11
Qtr-6 0.26 751.5 548.0 0.14 1.53
Qtr-7 0.13 -- -- -- --

7 Qtr-3 0.67 276.7 131.7 0.55 1.35
Qtr-4 0.34 2251.0 1297.5 0.22 3.08
Qtr-5 0.37 691.8 158.0 0.25 4.25
Qtr-6 0.36 1348.0 403.1 0.24 4.95
Qtr-7 0.36 1119.6 776.4 0.24 1.47

8 Qtr-3 0.66 300.2 132.7 0.53 1.53
Qtr-4 0.66 2001.7 1063.8 0.54 1.19
Qtr-5 0.72 515.1 151.3 0.60 2.05
Qtr-6 0.71 1095.1 639.4 0.59 0.91
Qtr-7 -- -- -- -- --

9 Qtr-3 0.64 275.6 45.2 0.52 3.49
Qtr-4 0.61 1517.9 270.5 0.48 3.65
Qtr-5 0.64 188.0 14.3 0.52 5.13
Qtr-6 0.63 995.9 120.0 0.51 4.53
Qtr-7 0.64 1136.2 39.2 0.52 6.52

10 Qtr-3 0.64 289.7 48.0 0.52 3.47
Qtr-4 0.63 1273.9 233.7 0.50 3.36
Qtr-5 0.65 176.9 13.0 0.53 5.04
Qtr-6 0.65 1109.2 95.2 0.53 4.99
Qtr-7 0.66 1597.3 82.8 0.54 5.76

11 Qtr-3 0.34 283.5 224.2 0.21 1.10
Qtr-4 0.31 2106.7 1585.7 0.19 1.94
Qtr-5 0.35 164.2 85.8 0.23 2.79
Qtr-6 0.34 1431.2 782.2 0.21 3.22
Qtr-7 0.34 1488.3 894.5 0.22 2.31

12 Qtr-3 0.37 244.2 165.4 0.24 1.60
Qtr-4 0.34 1681.2 1154.2 0.21 1.90
Qtr-5 0.34 93.6 42.8 0.22 3.73
Qtr-6 0.35 752.3 418.8 0.23 2.27
Qtr-7 0.34 1033.3 684.0 0.22 2.01

Period-of-Record, Quarterly, and Monthly Summaries of PAR Extinction Measurements from the Porta-PSTA Treatments, April 1999 - March 2000
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Exhibit C-33

Water Depth PAR (µmol/m2/s) Z Ext Coeff
Treatment Date (m) Surface Bottom (m) (m-1)

Period-of-Record, Quarterly, and Monthly Summaries of PAR Extinction Measurements from the Porta-PSTA Treatments, April 1999 - March 2000

Monthly
1 Apr-99 0.61 155.9 57.3 0.49 2.03

May-99 0.65 1698.3 840.1 0.53 1.34
Jun-99 0.59 2174.2 1157.0 0.47 1.33
Jul-99 0.65 2176.0 986.2 0.52 1.52
Aug-99 0.64 1790.7 771.1 0.52 1.64
Sep-99 0.64 413.2 114.2 0.52 2.48
Oct-99 0.67 383.6 53.5 0.55 3.42
Nov-99 0.63 648.0 143.4 0.51 2.97
Dec-99 0.64 479.8 92.2 0.52 3.16
Jan-00 -- -- -- -- --
Feb-00 -- -- -- -- --
Mar-00 -- -- -- -- --

2 Apr-99 0.61 136.9 69.1 0.49 1.43
May-99 0.61 1496.7 841.0 0.49 1.16
Jun-99 0.57 2546.7 1492.6 0.45 1.18
Jul-99 0.63 2217.3 1596.0 0.51 0.72
Aug-99 0.65 1654.2 567.1 0.52 2.67
Sep-99 0.64 615.3 227.1 0.54 1.86
Oct-99 0.65 553.3 150.5 0.52 2.50
Nov-99 0.63 888.8 376.5 0.51 1.70
Dec-99 0.64 167.2 58.4 0.52 1.99
Jan-00 -- -- -- -- --
Feb-00 -- -- -- -- --
Mar-00 -- -- -- -- --

3 Apr-99 0.28 220.4 137.0 0.16 2.79
May-99 0.28 1490.3 1248.6 0.17 1.01
Jun-99 0.22 1228.1 882.1 0.10 2.41
Jul-99 0.30 1746.5 1174.2 0.18 2.24
Aug-99 0.29 1137.6 647.3 0.17 3.23
Sep-99 0.31 200.9 118.5 0.19 2.82
Oct-99 0.29 156.6 115.7 0.17 2.24
Nov-99 0.29 627.9 290.6 0.17 5.21
Dec-99 0.29 420.1 224.3 0.17 3.60
Jan-00 0.29 824.5 285.6 0.17 6.16
Feb-00 0.29 170.6 115.8 0.17 2.30
Mar-00 0.30 283.6 178.7 0.17 2.47

4 Apr-99 0.35 200.6 148.9 0.22 1.39
May-99 0.35 1471.8 1209.5 0.23 0.85
Jun-99 0.40 2352.0 1643.6 0.22 1.78
Jul-99 0.35 2269.7 1464.3 0.22 2.02
Aug-99 0.36 1160.2 567.1 0.23 3.14
Sep-99 0.35 566.0 268.2 0.23 3.29
Oct-99 0.42 239.5 167.2 0.29 0.95
Nov-99 0.35 716.4 318.8 0.23 3.85
Dec-99 0.36 114.5 45.8 0.34 3.82
Jan-00 0.35 245.9 147.4 0.23 2.79
Feb-00 0.35 1522.1 481.7 0.23 6.15
Mar-00 0.36 371.0 187.0 0.24 2.96

5 Apr-99 0.62 312.6 119.2 0.50 1.87
May-99 0.62 1325.9 860.8 0.40 1.10
Jun-99 0.58 1940.4 762.0 0.48 2.17
Jul-99 0.62 2132.1 794.6 0.50 2.29
Aug-99 0.63 1571.2 731.8 0.51 1.52
Sep-99 0.65 573.9 184.3 0.52 2.18
Oct-99 0.64 406.9 97.5 0.54 2.65
Nov-99 0.63 874.2 254.4 0.50 2.48
Dec-99 0.63 486.5 133.8 0.51 2.41
Jan-00 0.33 1540.2 907.1 0.21 2.61
Feb-00 0.32 276.7 144.0 0.20 3.43
Mar-00 0.33 1138.8 372.9 0.21 5.87

6 Apr-99 0.33 208.8 160.4 0.20 1.37
May-99 0.33 1505.0 1330.0 0.20 0.52
Jun-99 0.59 1562.0 773.3 0.46 1.53
Jul-99 0.63 2232.7 1050.8 0.50 1.63
Aug-99 0.65 1336.4 612.7 0.53 1.53
Sep-99 0.63 939.5 368.9 0.51 1.97
Oct-99 0.65 711.6 156.7 0.53 2.84
Nov-99 0.33 913.5 720.1 0.21 1.17
Dec-99 0.33 589.6 375.8 0.21 1.89
Jan-00 0.13 -- -- 0.01 --
Feb-00 0.12 -- -- -- --
Mar-00 0.13 -- -- -- --
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Exhibit C-33

Water Depth PAR (µmol/m2/s) Z Ext Coeff
Treatment Date (m) Surface Bottom (m) (m-1)

Period-of-Record, Quarterly, and Monthly Summaries of PAR Extinction Measurements from the Porta-PSTA Treatments, April 1999 - March 2000

7 Apr-99 0.67 276.7 131.7 0.55 1.35
Jun-99 0.31 2468.0 2005.0 0.19 1.08
Jul-99 0.37 2034.0 590.0 0.24 5.08
Aug-99 0.37 1657.7 253.9 0.25 7.51
Sep-99 0.38 179.6 85.8 0.26 2.89
Oct-99 0.37 238.0 134.3 0.24 2.35
Nov-99 0.37 1479.3 398.8 0.25 5.24
Dec-99 0.36 1216.7 407.4 0.23 4.66
Jan-00 -- -- -- -- --
Feb-00 0.36 1827.9 1260.5 0.24 1.54
Mar-00 0.37 411.2 292.2 0.24 1.40

8 Apr-99 0.66 300.2 132.7 0.53 1.53
May-99 0.67 1605.6 857.2 0.55 1.14
Jun-99 0.61 2476.0 1395.6 0.49 1.17
Jul-99 0.69 1923.5 938.6 0.57 1.25
Aug-99 0.76 1031.5 305.6 0.64 1.90
Sep-99 0.70 205.7 71.7 0.58 1.81
Oct-99 0.69 308.1 76.6 0.57 2.44
Nov-99 0.73 891.1 698.0 0.60 0.40
Dec-99 0.69 1299.1 580.8 0.57 1.42
Jan-00 -- -- -- -- --
Feb-00 -- -- -- -- --
Mar-00 -- -- -- -- --

9 Apr-99 0.64 275.6 45.2 0.52 3.49
May-99 0.61 1263.8 240.4 0.49 3.40
Jun-99 0.56 1628.0 399.6 0.44 3.18
Jul-99 0.64 1661.8 171.5 0.52 4.36
Aug-99 0.64 277.1 25.1 0.52 4.64
Sep-99 0.65 133.9 9.6 0.52 5.02
Oct-99 0.63 153.1 8.1 0.51 5.74
Nov-99 0.64 404.3 29.3 0.52 5.09
Dec-99 0.63 1381.0 225.8 0.51 3.56
Jan-00 0.62 1202.5 104.8 0.49 4.94
Feb-00 0.62 1071.1 49.0 0.49 6.25
Mar-00 0.67 1201.3 29.5 0.55 6.79

10 Apr-99 0.64 289.7 48.0 0.52 3.47
May-99 0.64 1194.8 241.0 0.52 3.09
Jun-99 0.59 1131.2 283.1 0.47 2.95
Jul-99 0.65 1495.8 177.1 0.53 4.05
Aug-99 0.65 247.4 21.9 0.53 4.58
Sep-99 0.65 132.9 9.2 0.53 5.04
Oct-99 0.66 150.3 7.9 0.54 5.50
Nov-99 0.65 886.0 95.0 0.52 4.26
Dec-99 0.65 1353.1 179.8 0.53 3.81
Jan-00 0.66 1098.8 53.0 0.53 5.94
Feb-00 0.65 1968.5 126.0 0.53 5.18
Mar-00 0.66 1226.0 39.5 0.54 6.33

11 Apr-99 0.34 283.5 224.2 0.21 1.10
May-99 0.34 1630.7 1382.5 0.21 0.77
Jun-99 0.28 2783.0 2652.0 0.16 0.30
Jul-99 0.33 1906.5 722.7 0.20 4.75
Aug-99 0.38 190.5 63.3 0.26 4.20
Sep-99 0.33 120.9 75.4 0.21 2.24
Oct-99 0.34 181.3 118.6 0.22 1.93
Nov-99 0.33 1461.5 396.1 0.21 6.30
Dec-99 0.34 1269.8 999.0 0.21 1.12
Jan-00 0.34 1562.2 951.6 0.22 2.23
Feb-00 0.34 1377.8 963.9 0.22 1.61
Mar-00 0.34 1598.7 825.0 0.22 3.01

12 Apr-99 0.37 244.2 165.4 0.24 1.60
May-99 0.37 1398.3 1001.7 0.24 1.37
Jun-99 0.30 2274.0 1692.5 0.18 1.61
Jul-99 0.34 1371.4 768.5 0.21 2.71
Aug-99 -- -- -- -- --
Sep-99 0.34 54.5 22.2 0.22 4.09
Oct-99 0.34 132.7 63.4 0.22 3.37
Nov-99 0.33 974.3 555.0 0.21 2.72
Dec-99 0.36 377.5 353.6 0.24 0.27
Jan-00 0.37 905.2 347.8 0.25 3.83
Feb-00 0.34 835.1 487.5 0.22 2.45
Mar-00 0.34 1231.5 880.5 0.21 1.57

Note: 
Extinction coefficient = (lnPARsurf - lnPARbot)/z and z = water depth - 0.122 m
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C.10 Diel Study
Diel samples were collected from the Porta-PSTA mesocosms on October 5 and 6, 1999.
Sample collection began at 16:32 on October 5 and continued at approximately 4-hour
intervals until 15:10 on October 6. Samples were collected for TP, DRP, TDP, and TSS from
the Head Tank and from the outflow from each of the following nine tanks:

•  Tank 4 – deep shellrock
•  Tank 5 – shallow shellrock
•  Tank 7 – deep shellrock
•  Tank 8 – deep shellrock
•  Tank 11 – deep peat
•  Tank 15 – variable depth shellrock
•  Tank 20 – deep sand
•  Tank 21 – deep peat (aquashade)
•  Tank 23 – shallow shellrock, 3 x 6 m

Samples were collected from the outflows of six of the tanks (Tanks 4, 7, 8, 11, 20, and 21)
twice (00:00 and 12:00 on October 6) for algae identification, counts, and biovolumes and for
chlorophyll a. This section provides a preliminary summary of some of the data collected
during this sampling event.

C.10.1 Phosphorus and TSS Trends
Exhibit C-34 illustrates the data trends for TP. Outflow TP from all mesocosms was typically
lower than the corresponding inflow concentration measured at the Head Tank. There was
no clear overall diurnal trend in TP concentrations. Tanks 4, 5, 7, and 8 (shellrock soils)
appeared to have higher exported TP concentrations during the dark hours than during the
day.

Exhibit C-35 illustrates the data trends for TPP. There was no clear trend in inflow TPP
concentrations. Outflow TPP concentrations were generally similar to inflow levels. While
there was no clear trend overall, there appear to be higher nighttime outflow TPP
concentrations from Tanks 4, 5, 7, and 8.

Exhibit C-36 illustrates the data trends for TSS. Note that the inflow TSS is plotted against
the scale on the right side of the exhibit while the outflow concentrations are plotted against
the scale on the left side. Outflow TSS from all of the monitored Porta-PSTAs was typically
lower than inflow concentrations during this period. There was no evident trend in the diel
pattern of outflow TSS concentrations for any of the tanks.

Exhibit C-37 illustrates the data trends for TDP. Outflow TDP was similar for all of the
monitored Porta-PSTAs and typically lower than in the inflow water. There was no
consistent diel trend in TDP concentration evident during this 24-hour period.

Exhibit C-38 illustrates the data trends for DRP. Outflow DRP was similar for all of the
monitored Porta-PSTAs and typically lower than in the inflow water. There was no
consistent diel trend in DRP concentration evident during this 24-hour period.



Exhibit C-34
Diel Record of TP in the Porta-PSTA Mesocosms on October 5-6, 1999
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Exhibit C-35
Diel Record of TPP in the Porta-PSTA Mesocosms on October 5-6, 1999
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Exhibit C-36
Diel Record of TSS in the Porta-PSTA Mesocosms on October 5-6, 1999
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Exhibit C-37
Diel Record of TDP in the Porta-PSTA Mesocosms on October 5-6, 1999
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Exhibit C-38
Diel Record of DRP in the Porta-PSTA Mesocosms on October 5-6, 1999
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C.10.2 Algal Samples
Porta-PSTA outflow samples averaged 1.9 µg/L of corrected chlorophyll a at midnight and
1.8 µg/L at noon. There was no consistent trend related to sampling time. The exported
algal cell counts from the shellrock deep treatment (Tanks 4, 7, and 8) and the peat treatment
(Tank 11) were dominated by blue-greens (64 to 80 percent). The exported algal cells from
the sand tank were between 46 and 64 percent blue-greens and 29 to 43 greens. The
aquashade control tank exported greens and diatoms during the midnight sampling event
and primarily blue-green algae in the daytime sample.

Exported algal biovolume from all tanks was dominated by diatoms and to a lesser extent
by greens and euglenoids. As illustrated in Exhibit C-39, exported algal biovolume did not
show a diel pattern, even for treatment replicates (Tanks 4, 7, and 8).



Exhibit C-39
Diel Record of Algal Biovolume in the Porta-PSTA Mesocosms on October 5-6, 1999
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APPENDIX D

Batch Treatments

D.1 Batch Treatments
STC 1 (Test Cell 13) and three Porta-PSTA treatments (1, 2 and 8) were converted to batch
systems in January 2000. Inflows to the batch systems were stopped for the 3-month testing
period, ending in March 2000. Recirculation pumps were installed at the batch Porta-PSTA
treatments, and ran continuously throughout the testing period. ENR Test Cell and Porta-
PSTA experimental batch treatments are summarized in Exhibit D-1.

EXHIBIT D-1
ENR Test Cell and Porta-PSTA Batch Treatment Combinations, January 2000 – March 2000

Treatment Substrate Periphyton Macrophytes
Water Depth

(cm)
HLR

(cm/d)
Width

(m)
Tank/
Cell  #

ENR Test Cell

1b Peat Yes Yes 30 0 1 13

Porta-PSTA

1b-a Peat Yes Yes 30 0 1 9

1b-b Peat Yes Yes 30 0 1 11

1b-c Peat Yes Yes 30 0 1 18

2b-a Shellrock Yes Yes 30 0 1 7

2b-b Shellrock Yes Yes 30 0 1 4

2b-c Shellrock Yes Yes 30 0 1 8

8b Sand Yes Yes 30 0 1 20

D.2  Field Parameters
Field parameters (water temperature, pH, DO, percent saturation, salinity, TDS, and specific
conductance) were measured weekly. Diel monthly records were taken using a recording
data sonde unit, routinely rotated between the mesocosms and test cells.

Exhibit D-2 summarizes the field parameter data as monthly averages available for each
batch treatment.
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EXHIBIT D-2
Monthly Averages of Field Measurements Collected from the ENR Test Cell and Porta-PSTA Batch Treatments,
January 2000–March 2000

Parameter Month

Treatment
ENR Test Cells

1b
(Test Cell 13)

Porta-PSTA
1b

(Peat)
2b

(Shellrock)
8b

(Sand)
Water
Temp
(°C)

Jan-00 16.46 17.66 16.40 17.96

Feb-00 19.21 19.46 19.78 20.64
Mar-00 20.32 22.16 22.40 23.13

pH
(units)

Jan-00 7.65 7.88 7.93 7.76

Feb-00 8.06 7.87 8.32 8.05
Mar-00 7.67 7.60 8.58 8.44

Conductivity
(µmhos/cm)

Jan-00 1,041 983 908 963

Feb-00 1,007 1023 887 968
Mar-00 1,082 1150 980 1046

Salinity
(ppt)

Jan-00 0.55 0.51 0.47 0.50

Feb-00 0.53 0.54 0.46 0.51
Mar-00 0.57 0.61 0.51 --

Total Dissolved
Solids
(g/L)

Jan-00 0.666 0.629 0.581 0.616

Feb-00 0.645 0.655 0.568 0.619
Mar-00 0.697 0.736 0.627 0.678

Dissolved Oxygen
Saturation
(%)

Jan-00 39.1 87.5 118.6 109.4

Feb-00 63.6 93.7 123.8 101.5
Mar-00 42.2 76.2 113.7 92.7

Dissolved Oxygen
(mg/L)

Jan-00 3.83 8.40 11.63 10.33

Feb-00 5.74 8.41 11.28 8.72
Mar-00 3.77 6.58 9.80 8.03

D.3 Water Quality Data
Water quality samples were collected both weekly and monthly within the batch Porta-
PSTAs and Test Cells. Monthly average values for water quality data collected from the
batch systems are presented in Exhibit D-3.

D.4 Sediments
In March 2000, pre-existing and newly deposited soils within the Porta-PSTAs and Test
Cells were cored at a randomly selected location and analyzed from the depth increment 0
to 10 cm. Sub-samples from each of the cores were analyzed, and key parameter analyses
are summarized in Exhibit D-4.  This monitoring was only performed at the end of the batch
experiments to minimize disturbance to the systems.



Exhibit D-3
Monthly Average Values of Water Quality Data Collected for ENR Test Cell and Porta-PSTA Batch Treatments, January 2000 to March 2000

Upstream Downstream Upstream Center Downstream Upstream Center Downstream Upstream Center Downstream
Jan-00 0.017 0.016 0.012 -- -- 0.011 -- -- 0.015 -- --
Feb-00 0.023 0.023 0.014 -- 0.014 0.014 -- -- 0.019 -- 0.018
Mar-00 0.023 0.026 0.014 0.015 0.015 0.018 0.017 0.016 0.016 0.014 0.016
Jan-00 0.007 0.007 0.004 -- -- 0.004 -- -- 0.005 -- --
Feb-00 0.014 0.012 0.006 -- 0.006 0.005 -- 0.005 0.006 -- 0.007
Mar-00 0.013 0.014 0.004 0.004 0.005 0.008 0.007 0.005 0.003 0.003 0.004
Jan-00 0.009 0.009 0.008 -- -- 0.008 -- -- 0.010 -- --
Feb-00 0.010 0.011 0.009 -- 0.009 0.008 -- 0.008 0.013 -- 0.011
Mar-00 0.010 0.012 0.010 0.011 0.010 0.010 0.011 0.011 0.013 0.011 0.012
Jan-00 1.67 2.02 -- 1.80 -- -- 1.84 -- -- 1.72 --
Feb-00 2.02 -- -- 1.97 -- -- 2.34 -- -- 1.94 --
Mar-00 2.49 2.22 2.46 2.41 2.36 3.31 3.28 3.26 2.47 2.49 2.36
Jan-00 1.66 2.02 -- 1.80 -- -- 1.84 -- -- 1.72 --
Feb-00 1.95 -- -- 1.97 -- -- 2.34 -- -- 1.94 --
Mar-00 2.49 2.22 2.46 2.41 2.36 3.31 3.28 3.26 2.47 2.49 2.36
Jan-00 0.08 0.002 -- 0.002 -- -- -- -- -- -- --
Feb-00 0.07 -- -- 0.002 -- -- -- -- -- -- --
Mar-00 0.00 0.002 0.002 0.002 0.002 -- -- -- -- -- --
Jan-00 0.01 -- -- -- -- -- 0.002 -- -- 0.002 --
Feb-00 0.10 -- -- -- -- -- 0.002 -- -- 0.002 --
Mar-00 0.11 -- -- -- -- 0.002 0.002 0.003 0.002 0.002 0.002
Jan-00 34.67 34.00 -- 40.33 -- -- 31.67 -- -- 30.00 --
Feb-00 33.05 -- -- 38.07 -- -- 33.00 -- -- 31.60 --
Mar-00 42.20 38.20 39.72 39.10 40.87 45.43 44.37 47.00 34.30 33.00 34.20
Jan-00 1.88 -- -- 1.10 -- -- 1.47 -- -- 1.20 --
Feb-00 2.30 -- -- 3.27 -- -- 1.80 -- -- 2.20 --
Mar-00 0.50 1.60 1.80 1.87 2.07 2.93 2.73 2.80 1.40 1.00 0.50
Jan-00 54.38 -- -- 56.50 -- -- 44.00 -- -- 51.00 --
Feb-00 66.00 -- -- 52.67 -- -- 26.67 -- -- 43.00 --
Mar-00 34.00 51.00 48.33 48.67 48.67 23.67 23.67 24.00 34.00 34.00 34.00
Jan-00 215.00 -- -- 210 -- -- 170 -- -- 200 --
Feb-00 260.00 -- -- 197 -- -- 110 -- -- 150 --
Mar-00 180.00 140.00 190 190 190 100 99 101 150 150 150

 

(Sand)
8b

TOC 
(mg/L)

Total Nitrogen as N 
(mg/L)

Total Kjeldahl Nitrogen, as N 
(mg/L)

Ammonia, as NH3 

(mg/L)

Total Particulate Phosphorus 
(mg/L)

Total Dissolved Phosphorus 
(mg/L)

Alkalinity
(mg/L)

TSS
(mg/L)

Calcium
(mg/L)

Nitrate/Nitrite, as N 
(mg/L)

Total Phosphorus as P
(mg/L)

Porta-PSTA TreatmentsENR Test Cell Treatment

Parameter Month

1b (Test Cell 13)
(Peat)

1b
(Peat)

2b
(Shellrock)
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EXHIBIT D-4
Sediment Data from the ENR Test Cell and Porta-PSTA Batch Treatments, March 2000

Treatment
Density
(g/cm3)

Solids
(%)

Bulk Den
(g/cm3)

TP
(mg/kg)

TIP
(mg/kg)

ENR Test Cell 13
1b 1.35 43.00 0.58 -- --
Porta-PSTAs
1b 1.18 17.00 0.20 221.9 167.0
2b 1.97 75.67 1.49 970.6 1030.9
8b 2.00 83.00 1.66 16.7 8.5

Note: Sediment sampling was done at the end of the batch experiments to reduce disturbance to the
cells.

D.5 Biological Analyses
Algal and macrophytic plant communities are being monitored in the Porta-PSTAs and the
Test Cells. Measured parameters include percent cover, macrophyte stem counts, biomass,
species composition, algal cell counts and biovolumes, chlorophyll, and nutrient content
with an emphasis on phosphorus. In addition to these population-level studies, ecosystem-
level response is being estimated using DO dynamics as an indicator of community
metabolism.

D.5.1 Plant Cover and Macrophyte Stem Counts
Plant cover in the Porta-PSTAs and Test Cells is estimated visually on a monthly basis. The
method is the same as described in Appendix B.8.1. Exhibit D-5 summarizes the plant cover
estimates for the batch treatments.

D.5.2 Periphyton Community
In March 2000, periphyton cores were collected from the batch systems. This monitoring
was only performed at the end of the batch experiments to minimize disturbance to the
systems. The methods for sampling are the same as those described in Appendix B.8.2. It is
difficult to sample the benthic algae without incorporating an unwanted and unquantified
amount of soil in the samples. All periphyton data must be evaluated with this sampling
difficulty in mind. All biomass samples include a component of soil; however, the nature of
this soil is very different between the shellrock, peat, and sand treatments. Exhibit D-6
summarizes periphyton sample data for the batch treatments.

D.6 Ecosystem Metabolism
Exhibits D-7 and D-8 summarize the ecosystem metabolism estimates and PAR extinction
data for the batch treatments.



Exhibit D-5
Period-of-Record and Monthly Summaries of Algae and Macrophyte Percent Cover Estimates from the ENR Test Cell and Porta-PSTA Batch Treatments, January 2000 - March 2000

Treatment Date
Blue-Green 
Algal Mat

Green Algal 
Mat

Emergent 
Macrophytes

Floating 
Aquatic 
Plants

Submerged 
Aquatic 
Plants

Algal Mat % 
Cover

Macrophyte 
% Cover Total % Cover No. Stems/ m2

ENR Test Cell 13
Period of Record 1999- 2000 26% 0% 51% 0% 86% 26% 138% 163% --

Monthly
1b Jan-2000 24% 0% 46% 0% 92% 24% 138% 162% --

Feb-2000 21% 0% 54% 0% 76% 21% 130% 151% --
Mar-2000 33% 0% 54% 0% 91% 33% 145% 177% --

Porta-PSTAs
Period of Record

1b 1999 - 2000 5% 0% 16% 0% 20% 5% 36% 41% 156.85
2b 1999 - 2000 2% 0% 2% 0% 24% 2% 25% 27% 12.22
8b 1999 - 2000 0% 0% 2% 0% 0% 0% 2% 2% 7.33

Monthly
1b Jan-2000 1% 0% 23% 0% 18% 1% 41% 43% 103.89

Feb-2000 4% 0% 12% 0% 18% 4% 30% 34% 269.28
Mar-2000 11% 0% 13% 0% 23% 11% 37% 47% 97.39

2b Jan-2000 2% 0% 2% 0% 23% 2% 24% 26% 10.78
Feb-2000 2% 0% 2% 0% 24% 2% 26% 28% 10.33
Mar-2000 1% 0% 2% 0% 24% 1% 25% 27% 15.56

8b Jan-2000 0% 0% 1% 0% 0% 0% 1% 1% 5.33
Feb-2000 1% 0% 1% 0% 0% 1% 1% 2% 6.67
Mar-2000 0% 0% 3% 0% 0% 0% 3% 3% 10.00
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Exhibit D-6
Periphyton Data from the ENR Test Cell and Porta-PSTA Batch Treatments, March 2000

Ca Chl_a (corr) Pheo_a TP TIP

Treatment Dry Wt Ash Wt AFDW (g/m2) (mg/m2) (mg/m2) (g/m2) (g/m2) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (# cells/m2)*106 (# taxa) (cm3/m2) Evenness SWDI
ENR Test Cell 13

1b 1113.0 783.7 329.3 190.1 235.5 32.4 0.491 0.227 372,916 12.5 2,751 4.0 2,847 2.0 0.0 0.0 2,787,974 18.5 14.77 0.717 3.02
Porta-PSTAs

1b 1314.5 1957.1 642.6 152.6 68.2 49.4 0.768 0.330 38,042 11.0 3,610 14.7 527 4.0 0.0 0.0 42,179 29.7 16.50 0.719 3.49

2b 271.5 331.7 60.2 95.0 98.8 0.0 0.324 0.128 328,127 17.0 6,815 10.0 3,208 2.7 0.0 0.0 338,150 29.7 14.69 0.715 3.49

8b 465.1 583.0 118.0 151.2 75.9 0.8 0.208 0.009 1,045,874 13.0 5,489 5.0 6,098 3.0 0.0 0.0 1,057,462 21.0 17.79 0.715 3.14
Note: Periphyton sampling was done at the end of the batch experiments to reduce disturbance to the cells.
SWDI = Shannon-Weaver Diversity Index

BiovolumePeriphyton Biomass (g/m2) Other Taxa Total TaxaBlue Green Algae Diatoms Green Algae
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Exhibit D-7
Period-of-Record and Monthly Summaries of Ecosystem Metabolism Data from the ENR Test Cell and Porta-PSTA Batch Treatments, Janury 2000 - March 2000

NPP(day) GPP(day) CR(24hr) CM(24hr) NPP(24hr) Avg Night Res PAR(24hr) Efficiency
Treatment Date g/m2/d g/m2/d g/m2/d g/m2/d g/m2/d g/m2/hr E/m2/d %

ENR Test Cell 13
Period of Record 1999- 2000 0.091 2.311 3.277 2.311 -0.967 0.137 26.7 1.653

Monthly
1b Jan-2000 -1.126 0.380 1.970 0.380 -1.591 0.082 21.9 0.331

Feb-2000 1.532 5.120 5.604 5.120 -0.484 0.233 27.2 3.602
Mar-2000 -0.663 0.072 0.912 0.072 -0.841 0.038 34.3 0.040

Porta-PSTAs
Period of Record

1b 1999 - 2000 0.833 2.086 2.269 2.086 -0.184 0.095 25.4 1.569
2b 1999 - 2000 1.425 2.385 1.726 2.385 0.659 0.072 28.2 1.616
8b 1999 - 2000 0.068 0.501 0.447 0.501 0.054 0.019 26.7 0.360

Monthly
1b Jan-2000 0.895 1.866 1.924 1.866 -0.059 0.080 22.4 1.593

Feb-2000 0.890 2.267 2.394 2.267 -0.128 0.100 26.5 1.637
Mar-2000 0.009 1.954 3.335 1.954 -1.381 0.139 35.1 1.066

2b Jan-2000 1.375 1.941 1.180 1.941 0.761 0.049 21.4 1.731
Feb-2000 1.436 2.362 1.623 2.362 0.739 0.068 29.1 1.551
Mar-2000 1.470 2.980 2.589 2.980 0.391 0.108 35.1 1.623

8b Jan-2000 0.579 0.883 0.583 0.883 0.300 0.024 20.2 0.838
Feb-2000 -0.443 0.119 0.311 0.119 -0.192 0.013 33.2 0.069
Mar-2000 -- -- -- -- -- -- -- --
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EXHIBIT D-8
Period-of-Record and Monthly Summaries of PAR Extinction Measurements from the ENR Test Cell and Porta-PSTA Batch
Treatments, January 2000 - March 2000

PAR (µmol/m2/s)
Treatment Date

Water Depth
(m) Surface Bottom

Z
(m)

Ext Coeff
(m-1)

ENR Test Cell 13
Period of Record
1b 1999- 2000 0.48 529.8 37.5 0.36 11.06
Monthly
1b Jan-2000 0.62 511.5 14.9 0.49 9.12

Feb-2000 0.58 848.1 53.6 0.45 8.09
Mar-2000 0.24 229.8 43.9 0.12 15.97

Porta-PSTAs
Period of Record
1 1999 - 2000 0.58 1191.1 210.4 0.46 4.33
2 1999 - 2000 0.56 1449.9 603.5 0.44 2.47
8 1999 - 2000 0.59 1584.3 506.3 0.47 2.66
Monthly
1 Jan-2000 0.63 1289.7 336.6 0.51 3.19

Feb-2000 0.57 871.3 91.4 0.45 5.03
Mar-2000 0.53 1412.5 203.1 0.41 4.78

2 Jan-2000 0.61 1573.7 707.0 0.49 1.64
Feb-2000 0.59 946.4 147.0 0.47 4.00
Mar-2000 0.50 1829.5 956.6 0.37 1.78

8 Jan-2000 0.67 1733.0 763.5 0.55 1.49
Feb-2000 0.59 1259.5 303.9 0.47 3.01
Mar-2000 0.51 1760.5 451.4 0.39 3.49
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APPENDIX E

Statistical Analysis

E.1 Introduction
Statistical analyses were performed on available sampling results for the periods outlined
below:

•  May 1999 – January 2000 (Extended): Based on an examination of physical, chemical,
and biological time series plots, Test Cell and Porta-PSTAs were determined to have
equilibrated at slightly different rates but the period between May 17, 1999, and
January 10, 2000, was found to cover dates for which all units were fully operational.
Data from this period were used to evaluate performance for the Phase 1 study period.
For this analysis, data generated for the startup period were not included.

•  October 1999 – January 2000 (Optimum): A closer examination of the data revealed
improved performance during the operational period from October 1999 to January
2000; data from this period were analyzed as a subset of the first dataset and represent
“optimum” performance observed during the Phase 1 study period.

All statistical evaluations were limited to subsets of observations from these two study
periods.

Hypotheses to be tested with these data were described in detail in Section 2 of the PSTA
Research Plan (CH2M HILL, 1999), and the primary comparisons of interest are briefly
summarized below:

•  Substrate type significantly affects PSTA sustainable TP settling rate (Hypothesis No. 3).

•  PSTA annual average TP export concentrations can be sustained below 10 µg/L
(Hypothesis No. 5).

•  PSTA TP export concentration is highly correlated with HLR for a given TP inflow
concentration (Hypothesis No. 7).

•  Water depth in the range of 30 to 60 cm does not significantly affect PSTA sustainable TP
settling rate (Hypothesis No. 10).

This appendix presents highlights from the statistical analysis of the effects of the
experimental treatments on TP outflow from the Test Cells and Porta-PSTAs. Several data
coding and analysis conventions have been assumed for economy during this analysis.
Exhibit E-1 summarizes the basis for coding the experimental treatments, and Exhibit E-2
assigns the codes to each treatment. Exhibit E-3 summarizes the statistical comparisons by
code used to evaluate different factor levels across substrate, water depth, loading, shade,
depth-to-width ratio, and test unit scale.
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E.2 Total Phosphorus
E.2.1 Box Plots
Box plots provide a means of readily visualizing and comparing the distributions of
different data sets. Exhibit E-4 gives a description of the components for box plots and basis
for interpretation. Exhibits E-5 through E-19 provide box plot comparisons of TP outflow
concentrations for the various experimental treatments for data representing the study
period from May 1999 to January 2000. Exhibits E-20 to E-34 provide comparable box plots
for the study period from October 1999 to January 2000 (optimum).

E.2.2 Statistical Tests
Graphical analysis of the TP outflow data was corroborated by an analysis of variance
(ANOVA) and the nonparametric Kruskal-Wallis (KW) test using log-transformed data.
Analyses of inflow TP concentration showed no significant differences between any
treatment or mesocosm. Detailed information is provided at the end of this section.
Additional comparisons have been made within factors, as represented by multiple sets of
treatments, to identify statistically significant differences among outflow concentrations of
TP, and first-order K-C* removal rates (k).

E.2.2.1 Test Cells
Exhibits E-35 (extended period) and E-36 (optimum period) provide the ANOVA and KW
test results, as well as additional comparisons for statistically significant differences, of the
effects of substrate, water depth, and mesocosm scale, as approximated by the depth:width
ratio, on outflow TP. No significant differences were observed between peat-based Treat-
ment 1 (Test Cell 13) and shellrock-based Treatment 2 (Test Cell 8) for both operational
periods. Consistent water depths in Test Cell 8 yielded significantly lower outflow TP than
variable water depths in Test Cell 3 over Operational Periods 1 and 2. Mesocosm-scale
effects were not significant at the p<0.05 level in the comparison between peat-based or
rock-based Test Cell and the Porta-PSTA treatments with deep water levels. However, scale
effects were strongly indicated between the shellrock-based Test Cells and similar Porta-
PSTA treatments with shellrock substrate and variable water depths for Operational Period
1. Comparisons of TP removal rates for Operational Period 1 showed no significant
differences between treatments with the exception of scale, which indicated significantly
higher removal rates for the smaller mesocosms.

E.2.2.2 Porta-PSTAs
Similar analyses of the Porta-PSTA results were performed to identify the relative
importance of substrate and water depth.

Factor Significance. Exhibits E-37 (extended period) and E-38 (optimum period) provide the
ANOVA and KW test results, as well as additional comparisons for statistically significant
differences, of the effects of substrate, water depth, and mesocosm dimension, as
approximated by the depth:width ratio, on outflow TP.

For Operational Period 1, no significant differences were observed between the deep peat
and shellrock mesocosms or between the shallow peat and shellrock mesocosms, although
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the latter comparison was indicated to be significant by the nonparametric K-W test. Results
from parametric or non-parametric tests comparing the three substrates with deep water
were not significantly different. Marginally significant differences were noted in shellrock
systems with doubled HLRs. Non-parametric statistics indicated lower outflow TP from
peat mesocosms with a depth:width ratio of 0.3 compared to mesocosms with a depth:width
ratio of 0.1. No significant differences were noted in a similar comparison of shellrock
substrate mesocosms.

A greater number of significant differences were found during Operational Period 2
(Exhibit E-38). Outflow TP from deep shellrock Porta-PSTAs was lower than deep peat
systems. Variable depth resulted in higher TP outflow than shallow shellrock systems.
Shallow shellrock systems were marginally significantly lower than other depth-substrate
combinations. Shellrock Porta-PSTAs with a depth-width ratio of 0.3 were lower than the
shallow Porta-PSTAs with a depth:width ratio of 0.1.

Rates of TP removal, calculated as the difference between inflow and outflow TP, divided
by the inflow TP level [(input TP – outflow TP)/inflow TP] were also examined. As shown
in Exhibits E-39 (extended period) and E-40 (optimum period), a marginally significant
difference was found between the Porta-PSTAs with higher HLRs for Operational Period 1.
During Operational Period 2, significant differences in removal rates were noted between
deep and shallow peat systems, and between shellrock systems with shallow or variable
water elevations. A marginally significant difference was noted between the shallow
shellrock systems with depth:width ratios of 0.3 and 0.1.

Replicate Differences. Exhibits E-41 through E-59 provides box plots of TP outflow and
inflow concentrations and percent removal for all Porta-PSTA replicates within each
treatment.

Exhibit E-60 provides the results of ANOVA and KW nonparametric tests to determine the
extent and significance in differences between replicates within treatments. No differences
in TP inflow were noted within or between treatments. TP outflow concentrations were
significantly greater in deep, peat-based PP-11 and PP-18 than in PP-9. TP outflow con-
centrations in shallow peat-based mesocosms 17, 12, and 14 were consecutively and
significantly lower, and shallow shellrock mesocosm 10 was significantly greater than
mesocosms 5 and 3. Further analysis of the relevant biological variables (e.g., submersed
and emergent macrophyte cover, grazer density, algal density and species composition) are
expected to yield insight into replicate differences.

k Values. Exhibits E-61 to E-82 provide box plots of k values for Test Cell and Porta-PSTA
replicates for the May 1999 – January 2000 study period. Exhibits E-82 to E-104 provide
comparable box plots for the optimum performance period of October 1999 – January 2000.
Exhibit E-105 provides the results of ANOVA and KW nonparametric tests to determine the
extent of significance in differences between replicates within treatment.

E.3 Biological Community Cover
Exhibits E-105 through E-113 provide box plot comparisons of biological community cover
estimates for the replicates within the various experimental treatments. Results of tests of
the statistical significance between medians are shown on each exhibit. Exhibit E-114 ranks
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the median biological cover values for each replicate by each cover variable. Exhibit E-115
compares the algal mat and total macrophyte cover.

E.4 Summary
Preliminary statistical analysis of the TP performance data collected between May 1999
through January 2000 for the Test Cells and Porta-PSTA mesocosms indicate the following
responses to selected project hypotheses:

•  Substrate type significantly affects PSTA sustainable TP settling rate (Hypothesis
No. 3) – Data collected to date indicate that in some cases substrate type affects TP
removal performance, with significantly lower outflow TP in shellrock systems
compared with outflow concentrations in peat systems. The sand substrate was found to
yield intermediate outflow TP values.

•  PSTA annual average TP export can be sustained below 10 µg/L (Hypothesis No. 5) –
None of the experimental treatments at either Porta-PSTA or Test Cell scales achieved an
average outflow TP of 10 µg/L or less.

•  PSTA TP export concentration is highly correlated with HLR for a given TP inflow
concentration (Hypothesis No. 7) – Test of Porta-PSTA Treatment 5 indicates that
outflow TP was slightly higher with a doubling of the HLR.

•  Water depth in the range of 30 to 60 cm does not significantly affect PSTA sustainable
TP settling rate (Hypothesis No. 10) – Porta-PSTA results indicated no statistically
significant difference between deep or shallow treatments. Significant differences
between replicates within both shallow and deep Porta-PSTAs indicate that differences
in biological community structure may be a factor useful in assessing depth performance
effects. Test Cell data indicated that the deep shellrock system performed marginally,
but significantly better than the variable shellrock mesocosm, which had slightly greater
water depth. Comparisons of similar treatments between Test Cells and Porta-PSTAs
indicated a possible effect of mesocosm scale, with Porta-PSTAs achieving higher
removal rates.



Exhibits
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EXHIBIT E-1
Experimental Factors, Conditions, and Associate Code Description

Factor Condition/Level Code

TestCell CTest Scale

Portable Units P

Peat p

Shellrock r

Substrate

Sand

30cm=shallow s

60cm=deep D

Depth

0-60cm=variable V

6=low LLoading

12=high H

Yes Not codedShading

No Not coded

Ratio NA Not coded

None 0

1 of 3 1

2 of 3 2

Duplicate

3 of 3 3
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EXHIBIT E-2
Experimental Treatment, Cell Number, and Assigned Code

Experimental Block Treatment Cell Code

1 13 CpDL0

2 8 CrDL0

ENR Test Cells

3 3 CrVL0

9 PpDL1

11 PpDL2

1

18 PpDL3

4 PrDL1

7 PrDL2

2

8 PrDL3

12 PpSL1

14 PpSL2

3

27 PpSL3

3 PrSL1

5 PrSL2

4

10 PrSL3

2 PrDH1

13 PrDH2

5

16 PrDH3

1 PrVL1

6 PrVL2

6

15 PrVL3

7 19 PsDL1

8 20 PsDL2

9 21 PpDL0

10 22 PrDL0

11 23 PrSL0

PortaPSTA

12 24 PpSL0
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EXHIBIT E-3
PSTA Test Conditions:  Unconfounded Comparisons

  Comparison => Depth Sub:Dpth Load Shade D:W Scale:Ratio
Original Code C01 C02 C03 C04 C05 C06 C07 C08 C09 C10 C11 C12 C13 C14 C15

PpDx42 PpDL2 Y Y Y Y
PpDx43 PpDL3 Y Y Y Y
PpDx41 PpDL1 Y Y Y Y
PrDx40 PrDL0 Y
PrSx20 PrSL0 Y Y
PpSx20 PpSL0 Y Y
PrDx41 PrDL1 Y Y Y Y Y
PrDx42 PrDL2 Y Y Y Y Y
PrDx43 PrDL3 Y Y Y Y Y
PpSx31 PpSL1 Y Y Y
PpSx32 PpSL2 Y Y Y
PpSx33 PpSL3 Y Y Y
PrSx33 PrSL3 Y Y Y Y
PrSx31 PrSL1 Y Y Y Y
PrSx32 PrSL2 Y Y Y Y
PrDx42 PrDH2 Y Y Y Y Y
PrDx43 PrDH3 Y Y Y Y Y
PrDx41 PrDH1 Y Y Y Y Y
PrVx31 PrVL1 Y Y
PrVx33 PrVL3 Y Y
PrVx32 PrVL2 Y Y
PsDx41 PsDL1 Y
PsDx42 PsDL2 Y
PpDx40 PpDL0 Y
CpDx10 CpDL0 Y Y
CrDx10 CrDL0 Y Y Y
CrVx10 CrVL0 Y Y
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Components. A BOX PLOT identifies the MEDIAN, (50th percentile), the lower and upper quartiles (25th and
75th PERCENTILES), and the RANGE (extreme spread of the data). The edges of the box demarcate the 25th

and 75th percentiles, and so represent the middle 50 percent (INTERQUARTILE RANGE) of the parameter
values for the data subset. The line inside the box is the MEDIAN. The lines, or whiskers, extend outward
from the box through the range of data, excluding outliers. Two outliers are defined, based on their distance
from the nearest edge of the box, relative to the range of the box. OUTSIDE VALUES lie 1.5 to 3 interquartile
ranges away from the nearest box edge, and FAR-OUT VALUES lie three or more interquartile ranges away
from the nearest box edge. The NOTCH represents the approximate 95 percent confidence interval around
the median.

Interpretation. If notches from different subsets of data overlap completely, one can conclude with 95%
confidence that the groups have been sampled from a common population. If notches do not overlap at all,
one can conclude (with 95% confidence) that the groups represent different populations. Cases of partial
overlap require explicit tests (e.g., t-Test, ANOVA, Mann-Whitney, or Kruskal-Wallis) to specify significance of
differences among groups.

EXHIBIT E-4
Generic Box Plot with Component Description
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EXHIBIT E-5
Box Plot of Test Cell Phosphorus Outflow Concentrations for Substrate Comparisons (May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-6
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Substrate Comparisons with Depth = 30 cm (May 1999 –
January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.

TP Outflow Concentrations (mg/L)
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EXHIBIT E-7
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Substrate Comparisons with Depth  = 60 cm (May 1999 –
January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-8
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Substrate Comparisons with Low Depth: Width Ratio (May
1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.

TP Outflow Concentrations (mg/L)
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EXHIBIT E-9
Box Plot of Test Cell Phosphorus Outflow Concentrations for Comparisons between Variable (V) and Deep (D) Depths
(May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-10
Box Plot of Porta PSTA Phosphorus Outflow Concentrations for Substrate Comparisons for Variable (V) and Shallow (S)
Depths (May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.

TP Outflow Concentrations (mg/L)
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EXHIBIT E-11
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Combined Substrate and Depth Comparisons (May 1999 –
January 2000)
 Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-12
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Comparisons Between High (12 cm) and Low (6 cm)
Hydraulic Loading Rates (May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.

TP Outflow Concentrations (mg/L)
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EXHIBIT E-13
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Comparisons With (Y) and Without (N) Aquashade in
Shallow (30 cm) Mesocosms (May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.

TP Outflow Concentrations (mg/L)
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EXHIBIT E-14
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Comparisons With (Y) and Without (N) Aquashade in Deep
(60 cm) Mesocosms (May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.

TP Outflow Concentrations (mg/L)
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EXHIBIT E-15
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Comparisons Between Wide (2) and Narrow (3) Depth:
Width Ratios with Peat Substrate (May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.

TP Outflow Concentrations (mg/L)
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EXHIBIT E-16
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Comparisons Between Wide (2) and Narrow (3) Depth:
Width Ratios with Shellrock Substrate (May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.

TP Outflow Concentrations (mg/L)
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EXHIBIT E-17
Box Plot of Phosphorus Outflow Concentrations between Deep Test Cell and Porta-PSTA on Peat Substrate (May 1999 –
January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-18
Box Plot of Phosphorus Outflow Concentrations between Shallow Test Cell and Porta-PSTA Comparisons on Shellrock
Substrate (May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-19
Box Plot of Phosphorus Outflow Concentrations for Test Cell and Porta-PSTA Comparisons with Variable Depth (May 1999
– January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-20
Box Plot of Test Cell Phosphorus Outflow Concentrations for Substrate Comparisons (October 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-21
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Substrate Comparisons with Depths = 30 cm (October
1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-22
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Substrate Comparisons with Depths = 60 cm (October
1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-23
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Substrate Comparisons with Low Depth:Width Ratio
(October 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-24
Box Plot of Test Cell Phosphorus Outflow Concentrations for Comparisons between Variable (V) and Deep (D) Depths
(October 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-25
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Comparisons between Variable (V) and Shallow (S) Depths
(October 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.

TP Outflow Concentrations (mg/L)
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EXHIBIT E-26
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Combined Substrate and Depth Comparisons (October
1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-27
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Comparisons between High (12 cm) and Low (6 cm)
Hydraulic Loading Rates (October 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-28
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Comparisons between With (Y) and Without (N)
Aquashade in Shallow (30 cm) Mesocosms (October 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-29
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Comparisons between With (Y) and Without (N)
Aquashade in Deep (60 cm) Mesocosms (October 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-30
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Comparisons between Wide (2) and Narrow (3)
Depth:Width Ratios with Peat Substrate (October 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-31
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Comparisons between Wide (2) and Narrow (3)
Depth:Width Ratios with Shellrock Substrate (October 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-32
Box Plot of Phosphorus Outflow Concentrations between Deep Test Cell and Porta-PSTA Comparisons on Peat Substrate
(October 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-33
Box Plot of Phosphorus Outflow Concentrations between Shallow Test Cell and Porta-PSTA Comparisons on Shellrock
Substrate (October 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-34
Box Plot of Phosphorus Outflow Concentrations for Test Cell and Porta-PSTA with Variable Depth (October 1999 –
January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-35

Test Cell Total Phosphorus Outflow Statistical Comparisons, May 1999–January 2000

Parameters Tested ANOVA p K-W p Analysis Codes

SUBSTRATE

PEAT * SHELLROCK 0.19 0.28 C01: CpDL0 * CrDL0

DEPTH

DEEP * VARIABLE 0.007 0.02 C05: CrDL0 * CrVL0

SCALE:RATIO

TESTCELL_0.02* PSTA_0.6 0.62 0.32 C13: CpDL0 * PpDL1/2/3

TESTCELL_0.02* PSTA_0.6 0.81 0.28 C14: CrDL0 * PrDL1/2/3

TESTCELL_0.02* PSTA_0.3 <0.005 <0.003 C15: CrVL0 * PrVL1/2/3

EXHIBIT E-36
Test Cell Total Phosphorus Outflow Statistical Comparisons, October 1999–January 2000

Parameters Tested ANOVA p K-W p Analysis Codes

SUBSTRATE

PEAT * SHELLROCK 0.11 0.21 C01: CpDL0 * CrDL0

DEPTH

DEEP * VARIABLE 0.07 0.03 C05: CrDL0 * CrVL0

SCALE:RATIO

TESTCELL_0.02* PSTA_0.6 0.67 0.48 c13: CpDL0 * PpDL1/2/3

TESTCELL_0.02* PSTA_0.6 0.25 0.33 c14: CrDL0 * PrDL1/2/3

TESTCELL_0.02* PSTA_0.3 0.43 0.56 c15: CrVL0 * PrVL1/2/3
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EXHIBIT E-37
Porta-PSTA Total Phosphorus Outflow Statistical Comparisons, May 1999–January 2000

Parameters Tested ANOVA p K-W p Analysis Codes

SUBSTRATE

PEAT * SHELLROCK 0.59 0.43 C02: PpDL1/2/3 * PrDL1/2/3

PEAT * SHELLROCK 0.28 0.03 C04: PpSL0 * PrSL0

PEAT * SHELLROCK * SAND 0.71 0.09 C03: PpDL1/2/3 * PrDL1/2/3 * PsDL1/2

DEPTH

SHALLOW * VARIABLE 0.75 0.27 C06: PrSL1/2/3 * PrVL1/2/3

SUBSTRATE*DEPTH
PEATS*PEATD*ROCKS*ROCKD

HYDRAULIC LOADING RATE

0.59 0.73 C07: PpDL1/2/3 * PrDL1/2/3 * PpSL1/2/3 * PrSL1/2/3

6 cm/d * 12 cm/d 0.12 0.03 C08: PrDL1/2/3 * PrDH1/2/3

DEPTH:WIDTH RATIO

0.3 * 0.1 0.16 0.005 C11: PpSL1/2/3 * PpSL0

0.3 * 0.1 0.53 0.43 C12: PrSx31/2/3 * PrSx20

EXHIBIT E-38
Porta-PSTA Total Phosphorus Outflow Statistical Comparisons, October 1999 – January 2000

Parameters Tested ANOVA p K-W p Analysis Codes

SUBSTRATE

PEAT * SHELLROCK 0.02 0.02 C02: PpDL1/2/3 * PrDL1/2/3

PEAT * SHELLROCK 0.20 0.11 C04: PpSL0 * PrSL0

PEAT * SHELLROCK * SAND 0.51 0.46 C03: PpDL1/2/3 * PrDL1/2/3 * PsDL1/2

DEPTH

SHALLOW * VARIABLE 0.01 0.01 C06: PrSL1/2/3 * PrVL1/2/3

SUBSTRATE*DEPTH
PEATS*PEATD*ROCKS*ROCKD

HYDRAULIC LOADING RATE

0.06 0.06 C07: PpDL1/2/3 * PrDL1/2/3 * PpSL1/2/3 * PrSL1/2/3

6 cm/d * 12 cm/d 0.02 0.003 C08: PrDL1/2/3 * PrDH1/2/3

DEPTH:WIDTH RATIO

0.3 * 0.1 0.53 0.14 C11: PpSL1/2/3 * PpSL0

0.3 * 0.1 0.09 0.03 C12: PrSx31/2/3 * PrSx20
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EXHIBIT E-39
Porta-PSTA Total Phosphorus Concentration Percent Removal Statistical Comparisons, May 1999–January 2000

Parameters Tested ANOVA p K-W p Analysis Codes

SUBSTRATE

PEAT * SHELLROCK 0.42 0.41 C02: PpDL1/2/3 * PrDL1/2/3

PEAT * SHELLROCK 0.23 0.06 C04: PpSL0 * PrSL0

PEAT * SHELLROCK * SAND 0.74 0.06 C03: PpDL1/2/3 * PrDL1/2/3 * PsDL1/2

DEPTH

SHALLOW * VARIABLE 0.78 0.38 C06: PrSL1/2/3 * PrVL1/2/3

SUBSTRATE*DEPTH
PEATS*PEATD*ROCKS*ROCKD

HYDRAULIC LOADING RATE

0.61 0.97 C07: PpDL1/2/3 * PrDL1/2/3 * PpSL1/2/3 * PrSL1/2/3

6 cm/d * 12 cm/d 0.08 0.06 C08: PrDL1/2/3 * PrDH1/2/3

DEPTH:WIDTH RATIO

0.3 * 0.1 0.19 0.04 C11: PpSL1/2/3 * PpSL0

0.3 * 0.1 0.58 0.34 C12: PrSx31/2/3 * PrSx20

EXHIBIT E-40
Porta-PSTA Total Phosphorus Concentration Percent Removal Statistical Comparisons, October 1999–January 2000

Parameters Tested ANOVA p K-W p Analysis Codes

SUBSTRATE

PEAT * SHELLROCK 0.01 0.03 C02: PpDL1/2/3 * PrDL1/2/3

PEAT * SHELLROCK 0.90 0.27 C04: PpSL0 * PrS

L0

PEAT * SHELLROCK * SAND 0.57 0.65 C03: PpDL1/2/3 * PrDL1/2/3 * PsDL1/2

DEPTH

SHALLOW * VARIABLE 0.007 0.02 C06: PrSL1/2/3 * PrVL1/2/3

SUBSTRATE*DEPTH
PEATS*PEATD*ROCKS*ROCKD

HYDRAULIC LOADING RATE

0.07 0.15 C07: PpDL1/2/3 * PrDL1/2/3 * PpSL1/2/3 * PrSL1/2/3

6 cm/d * 12 cm/d 0.04 0.04 C08: PrDL1/2/3 * PrDH1/2/3

DEPTH:WIDTH RATIO

0.3 * 0.1 0.76 0.47 C11: PpSL1/2/3 * PpSL0

0.3 * 0.1 0.08 0.02 C12: PrSx31/2/3 * PrSx20
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EXHIBIT E-41
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Deep, Peat Substrate Treatment Replicates (May 1999 –
January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-42
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Shallow, Shellrock Substrate Treatment Replicates (May
1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-43
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Deep, Shellrock Substrate, High Hydraulic Loading
Treatment Replicates (May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-44
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Variable Depth, Shellrock Substrate Treatment Replicates
(May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.

TP Outflow Concentrations (mg/L)



DFB/APP E.DOC E-47

1

2

Ps
D

L 
R

EP
L I

C
AT

Es

0.010
0.015

0.020
0.025

0.030
0.035

0.040

Log10 TP OUTFLOW [mg/L]

EXHIBIT E-45
Box Plot of Porta-PSTA Phosphorus Outflow Concentrations for Deep, Sand Substrate Treatment Replicates (May 1999 –
January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.

TP Outflow Concentrations (mg/L)



DFB/APP E.DOC E-48

0

1

2

3
Pp

D
L 

R
EP

L I
C

AT
Es

0.010
0.015

0.020
0.025

0.030

Log10 TP INFLOW [mg/L]

EXHIBIT E-46
Box Plot of Porta-PSTA Phosphorus Inflow Concentrations for Deep, Peat Substrate Treatment Replicates (May 1999 –
January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-47
Box Plot of Porta-PSTA Phosphorus Inflow Concentrations for Deep, Shellrock Substrate Treatment Replicates (May 1999
– January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-48
Box Plot of Porta-PSTA Phosphorus Inflow Concentrations for Shallow, Peat Substrate Treatment Replicates (May 1999 –
January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-49
Box Plot of Porta-PSTA Phosphorus Inflow Concentrations for Shallow, Shellrock Treatment Replicates (May 1999 –
January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-50
Box Plot of Porta-PSTA Phosphorus Inflow Concentrations for High Hydraulic Loading, Deep Shellrock Substrate Treatment
Replicates (May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-51
Box Plot of Porta-PSTA Phosphorus Inflow Concentrations for Variable Depth Shellrock Substrate Treatment Replicates
(May 1999 – January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-52
Box Plot of Porta-PSTA Phosphorus Inflow Concentrations for Deep, Sand Substrate Treatment Replicates (May 1999 –
January 2000)
Vertical dashed line represents 0.010 mg/L TP. Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-53
Box Plot of Porta-PSTA Phosphorus Percent Removal for Deep, Peat Substrate Treatment Replicates (May 1999 – January
2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-54
Box Plot of Porta-PSTA Phosphorus Percent Removal for Deep, Shellrock Substrate Treatment Replicates (May 1999 –
January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-55
Box Plot of Porta-PSTA Phosphorus Percent Removal for Shallow, Peat Substrate Treatment Replicates (May 1999 –
January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-56
Box Plot of Porta-PSTA Phosphorus Percent Removal for Shallow, Shellrock Substrate Comparisons (May 1999 – January
2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-57
Box Plot of Porta-PSTA Phosphorus Percent Removal for Deep, Shellrock Substrate Treatment Replicates (May 1999 –
January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-58
Box Plot of Porta-PSTA Phosphorus Percent Removal for Variable Depth, Shellrock Substrate Treatment Replicates (May
1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-59
Box Plot of Porta-PSTA Phosphorus Percent Removal for Deep, Sand Substrate Treatment Replicates (May 1999 –January
2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-60
Porta-PSTA Statistical Comparisons Between Replicates, May 1999–January 2000
Comparisons were made between replicates within each treatment.

Treatment: Experiment P P Mesocosm Ranking

TOTAL P: IN

R1: PpDL0/1/2/3 0.99 0.98

R2: PrDL0/1/2/3 0.57 0.94

R3: PpSL0/1/2/3 >0.99 0.99

R4: PrSL0/1/2/3 0.99 0.96

R5: PrDL1/2/3 0.99 0.99

R6: PrVL1/2/3 0.94 0.96

R7: PsDL1/2 0.83 0.80

TOTAL P: OUT

R1: PpDL0/1/2/3 0.01a <0.001 REP1<REP0/2/3

R2: PrDL0/1/2/3 0.76 0.94

R3: PpSL0/1/2/3 <0.001a <0.001 Rep2<REP1/0/3

R4: PrSL0/1/2/3 0.07 <0.009 REP2<REP1/0/3

R5: PrDH1/2/3 0.21 0.26

R6: PrVL1/2/3 0.09 0.001 REP3 < REP1/2

R7:  PsDL1/2 0.03 0.01 REP1 < REP2

TOTAL P Percent Concentration Removal Rate

R1: PpDL0/1/2/3 0.01 0.004 REP1>REP0/2/3

R2: PrDL0/1/2/3 0.62 0.95

R3: PpSL0/1/2/3 <0.001 <0.001 REP2>REP3/0/1

R4: PrSL01/2/3 0.04 0.03 REP2/1 > REP0/3

R5: PrDH1/2/3 0.19 0.42

R6: PrVL1/2/3 0.05 0.02 REP3>REP2/1

R7: PsDL1/2 0.01 0.02 REP1>REP2
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EXHIBIT E-61
Box Plot of Test Cell k Values for Substrate Comparisons (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-62
Box Plot of Porta-PSTA k Values for Substrate Comparisons with Depth = 30 cm(May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-63
Box Plot of Porta-PSTA k Values for Substrate Comparisons with Depth = 60 cm (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-64
Box Plot of Porta-PSTA k Values for Substrate Comparisons with Low Depth: Width Ratio (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.



DFB/APP E.DOC E-67

D

V

D
EP

TH
 [C

0 5
]

0.10 1.00 10.00
Log10 K [m/YR]

EXHIBIT E-65
Box Plot of Test Cell k Values for Comparisons between Variable (V) and Deep (D) Depths (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-66
Box Plot of Porta-PSTAs k Values for Substrate Comparisons for Variable (V) and Shallow (S) Depths (May 1999 – January
2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-67
Box Plot of Porta-PSTAs k Values for Combined Substrate and Depth Comparisons (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-68
Box Plot of Porta-PSTAs k Values for Comparisons between High (12 cm) and Low (6 cm) Hydraulic Loading Rates (May
1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-69
Box Plot of Porta-PSTAs k Values for Comparisons With (Y) and Without (N) Aquashade in Shallow (30 cm) Mesocosms
(May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-70
Box Plot of Porta-PSTAs k Values for Comparisons With (Y) and Without (N) Aquashade in Deep (60 cm) Mesocosms (May
1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-71
Box Plot of Porta-PSTAs k Values for Comparisons between Wide (2) and Narrow (3) Depth: Width Ratios with Peat
Substrate (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-72
Box Plot of Porta-PSTAs k Values for Comparisons between Wide (2) and Narrow (3) Depth: Width Ratios with Shellrock
Substrate (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-73
Box Plot of k Values between Deep Test Cells and Porta-PSTAs on Peat Substrate (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-74
Box Plot of k Values between Shallow Test Cells and Porta-PSTAs Comparisons on Shellrock Substrate (May 1999 –
January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-75
Box Plot of k Values for Test Cell and Porta-PSTA Comparisons with Variable Depth (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-76
Box Plot of k Values for Deep, Peat Substrate Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-77
Box Plot of k Values for Deep, Shellrock Substrate Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.



DFB/APP E.DOC E-80

0

1

2

3
Pp

SL
 R

EP
L I

C
AT

Es

5 10 15 202530

Log10 K [m/YR]

EXHIBIT E-78
Box Plot of k Values for Shallow, Peat Substrate Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-79
Box Plot of k Values for Shallow, Shellrock Substrate Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-80
Box Plot of k Values for High Hydraulic Loading, Deep Shellrock Substrate Treatment Replicates (May 1999 – January
2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-81
Box Plot of k Values for Variable Depth Shellrock Substrate Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-82
Box Plot of k Values for Deep, Sand Substrate Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-83
Box Plot of Test Cell k Values for Substrate Comparisons (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-84
Box Plot of Porta-PSTA k Values for Substrate Comparisons with Depth = 30 cm (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-85
Box Plot of Porta-PSTA k Values for Substrate Comparisons with Depth = 60 cm (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-86
Box Plot of Porta-PSTA k Values for Substrate Comparisons with Low Depth: Width Ratio (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-87
Box Plot of Test Cell k Values for Comparisons between Variable (V) and Deep (D) Depths (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-88
Box Plot of Porta-PSTAs k Values for Substrate Comparisons for Variable (V) and Shallow (S) Depths (October 1999 –
January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-89
Box Plot of Porta-PSTAs k Values for Combined Substrate and Depth Comparisons (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-90
Box Plot of Porta-PSTAs k Values for Comparisons between High (12 cm) and Low (6 cm) Hydraulic Loading Rates
(October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-91
Box Plot of Porta-PSTAs k Values for Comparisons With (Y) and Without (N) Aquashade in Shallow (30 cm) Mesocosms
(October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-92
Box Plot of Porta-PSTAs k Values for Comparisons With (Y) and Without (N) Aquashade in Deep (60 cm) Mesocosms
(October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-93
Box Plot of Porta-PSTAs k Values for Comparisons between Wide (2) and Narrow (3) Depth: Width Ratios with Peat
Substrate (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-94
Box Plot of Porta-PSTAs k Values for Comparisons between Wide (2) and Narrow (3) Depth: Width Ratios with Shellrock
Substrate (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-95
Box Plot of k Values between Deep Test Cells and Porta-PSTAs on Peat Substrate (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-96
Box Plot of k Values between Shallow Test Cells and Porta-PSTAs Comparisons on Shellrock Substrate (October 1999 –
January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-97
Box Plot of k Values for Test Cell and Porta-PSTA Comparisons with Variable Depth (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-98
Box Plot of k Values for Deep, Peat Substrate Treatment Replicates (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-99
Box Plot of k Values for Deep, Shellrock Substrate Treatment Replicates (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-100
Box Plot of k Values for Shallow, Peat Substrate Treatment Replicates (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.



DFB/APP E.DOC E-103

0

1

2

3
Pr

SL
 R

EP
L I

C
AT

E s

10 15 20 25
Log10 K [m/YR]

EXHIBIT E-101
Box Plot of k Values for Shallow, Shellrock Substrate Treatment Replicates (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-102
Box Plot of k Values for High Hydraulic Loading, Deep Shellrock Substrate Treatment Replicates (October 1999 – January
2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-103
Box Plot of k Values for Variable Depth Shellrock Substrate Treatment Replicates (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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EXHIBIT E-104
Box Plot of k Values for Deep, Sand Substrate Treatment Replicates (October 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.
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Exhibit E-105
Test Cell and Porta-PSTA k Value Statistical Comparisons (Study Period and Optimum Period)

ANOVA K-W
  N

COMPARISON K:ALL K:OPT K:ALL K:OPT K:ALL K:OPT
SUBSTRATE
C01: CpDL0*CrDL0   9: 9   4:  4 0.39 0.27 0.31 0.39
C02: PpDL1/2/3*PrDL1/2/3 27:27 12:12 0.68 0.30 0.70 0.27
C03: PpDL1/2/3 * PrDL1/2/3 * PsDL1/2 27:18:53 12: 8:24 0.13 0.06 0.16 0.13
C04: PrDL1/2/3*PrDL1/2/3*PsDL1/2   9: 9   4:  4 0.59 0.44 0.45 0.15
DEPTH
C05: CpDL0*PpDL1/2/3   9: 9   4:  4 0.10 0.03 0.09 0.04
C06: PrSL1/2/3*PrVL1/2/3 27:27 12:12 0.18 <0.001 0.30 <0.001
SUBSTRATE*DEPTH
C07: PpDL1/2/3*PrDL1/2/3*
        PpSL1/2/3*PrSL1/2/3

27:27:26:27 12:12:12:1
2

0.71 0.52 0.66 0.56

LOADING
C08: PrDL1/2/3*PrDH1/2/3 26:27 12:12 0.49 0.09 0.57 0.09
SHADE
C09: PpDX41/2/3*PpDL1/2/3  9:27   4:12 0.70 0.11 0.53 0.18
C10:PpDX40*PpDL0  9:53   4:12 0.74 0.42 0.82 0.65
D:W_RATIO
C11: PpSL1/2/3*PpSL0  9:27   4:12 0.34 0.49 0.33 0.54
C12: PrSx31/2/3*PrSx20   9:27   4:12 0.52 0.15 0.60 0.23
SCALE
C13: CrDL0*PpDL1/2/3 227: 9 12: 4 0.87 0.19 0.45 0.23
C14: CrDL0*PrDL1/2/3 53: 9 24: 4 0.71 0.07 0.65 0.02
C15: CrVL0*PrVL1/2/3 27: 9 12: 4 0.85 0.37 0.96 0.72
REPLICATES
R01: PpDL 9:9:9:9 4:4:4:4 0.22 0.20 0.24 0.23
R02: PrDL 9:8:9:9 4:4:4:4 0.60 0.97 0.76 0.76
R03: PpSL 9:9:9:9 4:4:4:4 0.08 0.06 0.09 0.07
R04: PrSL 9:9:9:9 4:4:4:4 0.60 0.24 0.60 0.21
R05: PrDH 9:9:9 4:4:4 0.90 0.84 0.88 0.93
R06: PrVL 9:9:9 4:4:4 0.49 0.31 0.60 0.22
R07: PsDL 9:9 4:4 0.23 0.27 0.17 0.25
ALL = Study period of May 1999 - January 2000
OPT = Study period of October 1999 - January 2000
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EXHIBIT E-106
Box Plot of Percent Cover by Algal Mat in Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.

Probability [F23,176 =  7.82] < 0.001

Posteriori:   01 ~ 13, 15   <   14 ~ 22   <   23 ~ 24
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EXHIBIT E-107
Box Plot of Percent Cover by Blue-Green Algae in Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.

Probability [F23,174 =  9.36] < 0.001

Posteriori:   02 ~ 19   <   20~ 24
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EXHIBIT E-108
Box Plot of Floating Algae Mat in Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.

Probability [F23,176 =  0.95] = 0.534

Posteriori:  NA
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EXHIBIT E-109
Box Plot of Green Algae Percent Cover in Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.

Probability [F23,174 =  2.58] < 0.001

Posteriori:  08 ~ 22   <    Others
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EXHIBIT E-110
Box Plot of Total Macrophyte Percent Cover in Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.

Probability [F23,176 =  30.35] < 0.001

Posteriori:   01 ~ 16   <   17 ~ 20   <   21 ~ 23   <   24
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EXHIBIT E-111
Box Plot of Submersed Aquatic Plants Percent Cover in Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.

Probability [F23,175 =  45.02] < 0.001

Posteriori:   04 ~ 19   <   20 ~ 22   <   23   <   24
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EXHIBIT E-112
Box Plot of Total Percent Cover in Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.

Probability [F23,176 =  19.32] < 0.001

Posteriori:  01 ~ 16   <   17~ 21   <   22 ~ 23   <   24
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EXHIBIT E-113
Box Plot of Emergent Macrophyte Percent Cover in Treatment Replicates (May 1999 – January 2000)
Refer to Exhibits E-1, E-2, and E-3 for coding details.

Probability [F23,175 =  21.65] < 0.001

Posteriori:   02 ~ 16   <   17 ~ 20   <   21 ~ 24



EXHIBIT E-114
Median Percent Cover by Biological Community Types
Replicates are ranked in descending order in statistically significant groupings.

Replicate 
Treatment 
Code

Blue-
Green 
Algae

Replicate 
Treatment 
Code

Emergent 
Macrophytes

Replicate 
Treatment 
Code

Floating 
Mat

Replicate 
Treatment 
Code

Green 
Algae

Replicate 
Treatment 
Code

Subkmeersed 
Aquatic 
Plants

Replicate 
Treatment 
Code Algal Mat

Replicate 
Treatment 
Code

Total 
Macrophyte 

Cover

Replicate 
Treatment 
Code

Total 
Cover

PrSx32 24 PpSx20 24 PpSx20 12.5 CrDx10 24 CrDx10 23 PrSx32 24 CpDx10 24 CpDx10 24
CpDx10 23 PpSx31 23 PpSx31 12.5 CrVx10 23 CrVx10 21 CpDx10 23 CrDx10 23 CrDx10 23
PrSx31 22 PpSx33 22 PpSx33 12.5 PpSx32 22 PpSx32 18 PrSx31 22 PpSx20 22 PpSx20 22
PrSx33 21 PpSx32 21 PpSx32 12.5 PpSx31 21 PpSx31 11 PrSx33 21 PpSx31 21 PpSx31 21
PrSx20 20 CpDx10 20 CpDx10 12.5 CpDx10 20 CpDx10 24 PrSx20 20 PpSx33 20 PpSx32 20
PsDx41 19 PpDx42 19 PpDx42 12.5 PrSx33 19 PrSx33 14.5 PsDx41 19 PpSx32 19 PpSx33 19
PpSx32 17.5 CrDx10 18 CrDx10 12.5 PpDx42 17.5 PpDx42 22 PpSx32 18 PpDx42 18 CrVx10 18
PrVx33 17.5 CrVx10 17 CrVx10 12.5 PpDx40 17.5 PpDx40 4 PrVx33 17 CrVx10 17 PpDx42 17
CrVx10 16 PpDx43 16 PpDx43 12.5 PpSx20 8.5 PpSx20 8.5 CrVx10 16 PpDx43 16 PrSx32 16
CrDx10 15 PpDx41 15 PpDx41 12.5 PpSx33 8.5 PpSx33 17 CrDx10 15 PrDx41 15 PrSx31 15
PpDx41 14 PrSx32 13 PrSx32 12.5 PpDx43 8.5 PpDx43 20 PpDx41 14 PrDx43 14 PrSx33 14
PrDx41 12.5 PrSx20 13 PrSx20 12.5 PpDx41 8.5 PpDx41 14.5 PrDx42 13 PrVx33 13 PrSx20 13
PrDx42 12.5 PrVx33 13 PrVx33 12.5 PrSx32 8.5 PrSx32 4 PrDx41 12 PpDx41 12 PpDx43 12
PrVx31 11 PrDx41 10 PrDx41 12.5 PrSx20 8.5 PrSx20 4 PpSx31 10 PrVx31 11 PrVx33 11
PpSx31 9.5 PrVx31 10 PrVx31 12.5 PrVx33 8.5 PrVx33 19 PrVx31 10 PrSx32 9.5 PpDx41 9.5
PrDx43 9.5 PrDx43 10 PrDx43 12.5 PrDx41 8.5 PrDx41 14.5 PrDx40 10 PrSx20 9.5 PsDx41 9.5
PrDx40 8 PrSx33 8 PrSx33 12.5 PrVx31 8.5 PrVx31 14.5 PpDx40 7.5 PrSx31 8 PrDx41 8
PpDx42 7 PrSx31 7 PrSx31 12.5 PrDx43 8.5 PrDx43 10 PrDx43 7.5 PrSx33 7 PrDx43 7
PrVx32 6 PsDx41 6 PsDx41 12.5 PrSx31 8.5 PrSx31 12 PpDx42 5.5 PrDx42 6 PrVx31 6
PsDx42 5 PsDx42 5 PsDx42 12.5 PsDx41 8.5 PsDx41 4 PsDx42 5.5 PsDx41 5 PrDx42 5
PpSx20 2.5 PrDx42 4 PrDx42 12.5 PsDx42 8.5 PsDx42 4 PrVx32 4 PrVx32 4 PsDx42 4
PpSx33 2.5 PrDx40 2 PrDx40 12.5 PrDx42 8.5 PrDx42 8.5 PpSx20 3 PsDx42 3 PpDx40 3
PpDx43 2.5 PrVx32 2 PrVx32 12.5 PrDx40 8.5 PrDx40 4 PpSx33 1.5 PrDx40 2 PrVx32 2
PpDx40 2.5 PpDx40 2 PpDx40 12.5 PrVx32 8.5 PrVx32 4 PpDx43 1.5 PpDx40 1 PrDx40 1

DFB/Ex E.xls



EXHIBIT E-115
Median Percent Cover of Algal Mat and Total Macrophytes
Replicates ranked in descending order of algal mat cover. DFB/Ex E.xls
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APPENDIX F

PSTA Forecast Model

As described in previous quarterly reports and the PSTA Research Plan (CH2M HILL, 1998,
2000), a forecast model is required to assist in extrapolating from results obtained during the
field experimentation currently underway to potential full-scale operational conditions
subject to highly variable hydraulic loading and velocity effects that are infeasible to test at
the mesocosm scale.

To facilitate model use and comparison of scenarios, the PSTA Forecast Model is being
developed in progressively more complex versions using Microsoft® Access as the model
platform. Detailed descriptions of the model can be found in the PSTA Research Plan
(CH2M HILL, 1998). Model design has focused on using simple abstractions of the complex
process of P assimilation by algal growth and P export through accretion, recycle, and
outflow, with emphasis on estimating the gross and net assimilation rate and predicted
outflow TP concentrations for different hydraulic loading, P loading, and cell geometry.

This section provides a summary of model development tasks conducted with a focus on
preliminary calibration of the model using a full range of time-dependent data, including
hydraulic and P inputs, with limited forecasting of the results expected from current Phase 2
design and recommendations for model improvement. Significant effort has been expended
toward preparing a simple operating shell for the model using Microsoft® Access; the
benefits and features of this modeling approach are described below.

F.1 Calibration and Sensitivity Analysis
F.1.1 Approach
Sufficient monitoring data have accumulated during Phase 1 monitoring to allow
comparisons between model predictions and observed values. Unless noted, average values
were used for this analysis. The Excel Solver routine was used iteratively to adjust estimates
of model rate coefficients to minimize the residual sum of squares between observed and
predicted values of TP outflow concentration, estimated TP removal rate, and periphyton
biomass. All calibrations and analyses presented in this Phase 1 Summary Report should be
considered provisional and subject to change as the model is validated during Phase 2.

The results described in this section describe those treatments most applicable to the field-
scale and potential future full-scale applications. Two treatments were selected for model
calibration: Porta-PSTA shallow shellrock treatment 4 and Test Cell deep shellrock
treatment STC-2.
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EXHIBIT F-1
PSTA Forecast Model Components
Highlighted variables were estimated using the Solver routine.

Exhibit F-1 shows a representation of the model components. Coefficients for the mass
transfer rate (kwo), sloughing rate (kso), settling rate (kT), and the resuspension rate (kRo)
were adjusted through this calibration process.

F.1.2 Preliminary Calibration
Exhibit F-2 summarizes model input variables and preliminary calibration results for each
of the selected Porta-PSTA treatments. Parameters selected as target variables included TP
in the system outflow, TP removal rate, and periphyton biomass (dry weight). Parameters
selected for calibration included the rate coefficients identified in Exhibit F-1, as well as
those closely associated with biomass terms. Results of each of the three treatments are
described below. For the Porta-PSTA example, Exhibit F-3 presents time-dependent model
input data, and Exhibit F-4 presents the model output, observed values, and estimated
residual for the same parameters. Exhibits F-5 and F-6 provide the same information for the
Test Cell example.

   Inactive Sediment Biomass

Active Mat Biomass

Uptake (kwo)

Infiltration PO4

Incoming PO4

Incoming
Particulate P

Outflow PO4  

Outflow
Particulate P

Settled
Particulate

P (kT)

Resuspended
Particulate P (kRo)

Sloughed P (ks)

Growth P

Net Dying
Periphyton

P

Recycled Dead
Periphyton P
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EXHIBIT F-2
Calibrated Model Parameters for Selected Phase 1 Treatments

Parameter Description Units PP-4 STC-2

Length M 6.00 80.00

Width M 1.00 28.00

Height M 0.3 0.6

m Death rate 0.06 0.87

kt Settling rate (d-1) 0.00 0.00

beta Internal recycle fraction 0.76 0.96

xNi Fraction of biomass as P (mg/gm) 1277 409

pN Thickness of algal mat (m) 0.03 0.03

aN Area of active mat/area of wetland (m2/m2) 0.28 0.28

a Empirical coefficient for Cmax 0.06 0.02

b Empirical coefficient for Cmax 0.093 0.120

xR Fraction of inactive biomass as P (mg/gm) 1015 831

aR Area of active sediment (assumed) 0.80 0.80

kwo Mass transfer rate (kwo) 0.92 0.14

kRo Resuspension rate 0.58 0.18

kso Sloughing rate coefficient 0.00 0.00

Note:
Bold values are field measurements. All other values represent Solver returns
unless otherwise noted.

F.1.2.1 Porta-PSTAs
Exhibit F-7 provides descriptive statistics comparing model predictions and observed
conditions for TP concentrations, TP removal rates, and periphyton biomass for Porta-PSTA
Treatment 4. Mean and median values for the period of record showed good agreement for
all variables, but the model tended to slightly underestimate TP and overestimate k.

Exhibit F-8 presents a time-series of observed and predicted values for the same variables.
The fitted model showed good agreement across the monitoring period for TP and k, but
biomass terms were best able to predict the central tendency of the multiple biomass peaks.
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EXHIBIT F-3
Porta-PSTA Treatment 4 Model Input Data

Day Wheight Qi P ET I TPi TSSi Ni Ri Crain Temp L Ci
16 0.30 0.28 8.47E-05 0.0040 0.00 42.00 2.00 189.99 268.00 20.00 25.45 1 0.00
17 0.30 0.24 0.00E+00 0.0048 0.00 43.00 2.00 287.60 268.00 20.00 24.74 1 0.00
18 0.30 0.30 2.50E-03 0.0041 0.00 32.33 2.00 385.21 268.00 20.00 27.87 1 0.00
19 0.30 0.26 3.63E-05 0.0047 0.00 18.00 2.00 482.82 268.00 20.00 25.18 1 0.00
20 0.30 0.28 7.29E-03 0.0039 0.00 15.50 2.00 468.38 268.00 20.00 26.86 1 0.00
21 0.30 0.28 1.27E-04 0.0044 0.00 16.57 2.00 453.94 268.00 20.00 27.24 1 0.00
22 0.30 0.30 1.09E-04 0.0046 0.00 24.10 2.00 439.51 268.00 20.00 25.02 1 0.00
23 0.30 0.25 1.91E-02 0.0032 0.00 21.00 2.00 425.07 268.00 20.00 25.48 1 0.00
24 0.30 0.30 7.47E-03 0.0039 0.00 29.00 2.00 495.82 268.00 20.00 27.73 1 0.00
25 0.30 0.33 6.71E-03 0.0034 0.00 22.50 2.00 566.57 268.00 20.00 27.68 1 0.00
26 0.30 0.35 1.21E-02 0.0038 0.00 16.00 2.00 637.33 268.00 20.00 27.63 1 0.00
27 0.30 0.34 4.70E-03 0.0031 0.00 16.10 2.50 708.08 268.00 20.00 27.58 1 0.00
28 0.30 0.32 8.57E-04 0.0046 0.00 13.10 3.00 778.84 268.00 20.00 29.58 1 0.00
29 0.30 0.33 6.60E-04 0.0047 0.00 14.40 3.50 803.32 268.00 20.00 30.94 1 0.00
30 0.30 0.33 4.93E-03 0.0047 0.00 13.17 4.00 827.79 268.00 20.00 29.67 1 0.00
31 0.30 0.29 6.53E-04 0.0048 0.00 11.70 3.40 852.27 268.00 20.00 30.81 1 0.00
32 0.30 0.29 5.04E-03 0.0040 0.00 21.60 2.80 876.75 268.00 20.00 30.43 1 0.00
33 0.30 0.30 1.10E-02 0.0036 0.00 19.70 2.20 833.45 268.00 20.00 30.05 1 0.00
34 0.30 0.39 1.71E-03 0.0032 0.00 19.90 1.60 790.16 268.00 20.00 30.87 1 0.00
35 0.30 0.40 1.84E-02 0.0046 0.00 15.97 1.00 746.87 268.00 20.00 29.52 1 0.00
36 0.30 0.48 1.94E-03 0.0047 0.00 17.60 1.28 703.57 268.00 20.00 29.58 1 0.00
37 0.30 0.48 9.91E-03 0.0035 0.00 19.30 1.56 660.28 268.00 20.00 27.63 1 0.00
38 0.30 0.49 4.61E-03 0.0032 0.00 18.15 1.84 690.36 268.00 20.00 27.25 1 0.00
39 0.30 0.50 8.02E-03 0.0024 0.00 17.00 2.12 720.44 268.00 20.00 26.86 1 0.00
40 0.30 0.53 3.99E-04 0.0036 0.00 17.80 3.50 750.52 268.00 20.00 25.74 1 0.00
41 0.30 0.59 9.40E-03 0.0028 0.00 17.30 2.80 780.59 268.00 20.00 26.59 1 0.00
42 0.30 0.54 2.88E-02 0.0026 0.00 19.50 2.10 722.82 268.00 20.00 25.32 1 0.00
43 0.30 0.62 5.43E-03 0.0038 0.00 18.60 1.40 665.04 268.00 20.00 24.95 1 0.00
44 0.30 0.52 6.82E-03 0.0031 0.00 26.90 1.35 607.26 268.00 20.00 20.43 1 0.00
45 0.30 0.49 1.16E-03 0.0033 0.00 14.30 1.30 549.48 268.00 20.00 25.58 1 0.00
46 0.30 0.55 0 0.0034 0.00 14.30 1.25 634.87 268.00 20.00 23.10 1 0.00
47 0.30 0.56 0 0.0028 0.00 15.50 1.20 720.25 268.00 20.00 20.62 1 0.00
48 0.30 0.55 3.49E-04 0.0019 0.00 16.50 1.10 805.64 268.00 20.00 22.68 1 0.00
49 0.30 0.59 0 0.0022 0.00 15.90 1.00 891.02 268.00 20.00 21.59 1 0.00
48 0.30 0.55 3.49E-04 0.0019 0.00 16.50 1.10 805.64 268.00 20.00 22.68 1 0.00
50 0.30 0.58 5.81E-04 0.0020 0.00 15.40 0.90 976.40 268.00 20.00 20.78 1 0.00
51 0.30 0.57 1.09E-03 0.0019 0.00 19.40 0.80 826.66 268.00 20.00 21.17 1 0.00
52 0.30 0.56 2.72E-03 0.0025 0.00 23.50 0.86 676.92 268.00 20.00 21.88 1 0.00
47 0.30 0.56 0 0.0028 0.00 15.50 1.20 720.25 268.00 20.00 20.62 1 0.00
54 0.30 0.55 1.81E-04 0.0028 0.00 19.00 0.98 377.44 268.00 20.00 21.24 1 0.00
55 0.30 0.55 0 0.0028 0.00 27.40 1.04 380.41 268.00 20.00 22.44 1 0.00
56 0.30 0.55 2.83E-03 0.0031 0.00 22.47 1.10 383.39 268.00 20.00 16.79 1 0.00
57 0.30 0.55 8.89E-04 0.0032 0.00 26.07 1.53 386.36 268.00 20.00 15.28 1 0.00
58 0.30 0.52 0 0.0027 0.00 30.05 1.95 389.33 268.00 20.00 18.83 1 0.00
59 0.30 0.57 2.47E-03 0.0033 0.00 28.50 2.38 392.30 268.00 20.00 17.87 1 0.00
60 0.30 0.55 0 0.0040 0.00 28.00 2.80 680.58 268.00 20.00 21.84 1 0.00
61 0.30 0.50 1.45E-04 0.0036 0.00 40.50 2.31 968.86 268.00 20.00 20.30 1 0.00
62 0.30 0.52 0 0.0038 0.00 37.50 1.82 1257.14 268.00 20.00 22.21 1 0.00
63 0.30 0.51 2.79E-03 0.0038 0.00 44.98 1.33 1545.42 268.00 20.00 21.22 1 0.00
64 0.30 0.35 1.29E-02 0.0035 0.00 37.02 0.83 1545.42 268.00 20.00 23.78 1 0.00
65 0.30 0.31 1.09E-04 0.0046 0.00 30.58 0.83 1545.42 268.00 20.00 23.03 1 0.00
66 0.30 0.31 5.08E-04 0.0044 0.00 33.76 0.83 1545.42 268.00 20.00 24.85 1 0.00

Notes:
Wheight = water depth (cm)
Qi = inflow rate (m3/d)
P = precipitation total (m)
ET = evapotranspiration total (m)
I = infiltration (m)

TPi = total phosphorus inflow (µg/L)
TSSi = total suspended solids (mg/L)
Ni = periphyton total phosphorus (mg/kg dw)
Ri = sediment total phosphorus content (mg/kg dw)
Crain = precipitation total phosphorus content (µg/L)
Temp = average daily temperature (°C)
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EXHIBIT F-4
Porta-PSTA Treatment 4 Model Output Data

day Predicted Observed residual Predicted Observed residual Predicted Observed residual
0 -1.805432 6.27 8.07759 19.180 29.000 9.82027 189.985 189.985 0
7 0.1084762 -2.43 2.53781 20.178 50.667 30.4887 276.071 287.598 11.5268

14 -0.005658 -0.66 0.65108 16.856 33.500 16.6444 344.673 385.211 40.5377
21 0.2205686 -2.10 2.31929 15.810 20.533 4.72382 409.961 482.824 72.8625
28 -0.220862 0.75 0.9715 13.702 14.833 1.13166 425.350 468.384 43.0346
35 0.5262551 -3.15 3.68044 15.109 19.933 4.82416 443.926 453.945 10.019
42 1.4627958 -5.09 6.55732 16.018 31.767 15.7486 454.938 439.506 15.4326
49 2.3961624 -3.54 5.93771 13.341 26.400 13.0593 489.702 425.066 64.6354
56 3.3729401 9.66 6.28271 15.583 17.133 1.55042 522.672 495.821 26.8511
63 3.5798109 8.67 5.08965 14.328 17.331 3.00227 566.932 566.575 0.35679
70 3.4790635 -3.67 7.14627 12.641 19.233 6.59199 597.317 637.329 40.012
77 3.8330343 -2.20 6.03759 13.730 14.667 0.93667 615.802 708.083 92.2819
84 3.6787 -1.67 5.3484 14.664 15.633 0.96978 620.584 778.838 158.254
91 3.051895 -3.04 6.09568 15.211 15.300 0.08869 604.792 803.315 198.523
98 2.6074161 -2.21 4.82131 14.784 13.267 1.51712 595.179 827.793 232.613

105 2.9833547 2.99 0.00899 15.435 18.200 2.76507 585.448 852.270 266.822
112 3.5839159 -1.10 4.68364 15.558 20.933 5.375 562.433 876.747 314.314
119 3.9773476 3.97 0.00506 13.849 16.800 2.95143 579.664 833.453 253.789
126 3.6061237 0.05 3.55507 13.555 15.933 2.37813 599.790 790.159 190.369
133 4.2057828 4.26 0.05007 11.421 15.200 3.77944 626.257 746.865 120.608
140 4.1229302 8.67 4.54654 12.377 22.800 10.4233 657.884 703.571 45.6873
147 5.0776756 -0.82 5.90139 12.344 17.467 5.12259 686.513 660.277 26.2362
154 5.6680329 10.48 4.81384 12.544 12.833 0.28975 725.894 690.356 35.5374
161 6.0715423 1.80 4.26941 12.244 16.450 4.20618 752.257 720.436 31.8211
168 5.6226574 8.92 3.29431 13.960 14.900 0.94015 774.411 750.515 23.8957
175 5.9606592 18.92 12.9594 12.476 11.267 1.20917 787.884 780.595 7.28956
182 8.4229893 21.65 13.2304 11.870 13.567 1.69706 817.849 722.817 95.032
189 9.0330582 8.49 0.54372 11.833 10.733 1.09944 866.325 665.040 201.286
196 11.411647 10.47 0.94049 13.688 10.433 3.2546 901.293 607.262 294.031
203 12.040773 13.65 1.61342 11.572 10.367 1.2057 945.444 549.484 395.96
210 10.993343 12.61 1.61971 11.261 11.333 0.07247 930.343 634.868 295.474
217 10.768332 15.26 4.49398 11.363 10.400 0.96278 923.680 720.252 203.428
224 11.000647 12.94 1.94052 11.427 10.700 0.72713 925.559 805.636 119.923
231 10.927448 16.85 5.9212 11.094 11.950 0.85636 931.946 891.020 40.9259
238 11.320549 16.95 5.63198 10.898 14.300 3.40228 940.440 976.405 35.9641
245 11.948656 8.23 3.71985 11.697 14.867 3.17007 945.695 826.664 119.031
252 12.933367 8.67 4.2639 12.624 10.000 2.62395 967.376 676.924 290.452
259 13.117509 25.79 12.6755 11.363 12.700 1.33722 1000.743 527.184 473.559
266 13.279518 18.74 5.46159 11.947 12.800 0.85308 994.628 377.444 617.185
273 14.010716 21.16 7.15379 13.774 13.783 0.00969 1004.997 380.414 624.582
280 14.746924 14.36 0.38407 12.689 19.117 6.42758 1041.587 383.385 658.202
287 14.986814 24.44 9.45423 13.896 14.000 0.10363 1060.952 386.356 674.596
294 15.469356 20.78 5.30749 15.157 15.000 0.1568 1086.426 389.327 697.1
301 15.831152 17.10 1.26869 14.958 23.000 8.04195 1113.506 392.297 721.209
308 16.024945 20.01 3.98241 15.496 20.000 4.50353 1142.189 680.579 461.611
315 17.798802 26.31 8.50843 17.769 19.263 1.49391 1160.631 968.860 191.771
322 18.736916 14.05 4.68909 16.718 18.977 2.25928 1191.925 1257.141 65.216
329 20.64194 13.90 6.74548 17.658 14.665 2.99349 1221.725 1545.422 323.698
336 20.064265 8.67 11.3948 15.208 15.266 0.05834 1254.949 1545.422 290.474
343 19.25095 8.67 10.5815 15.947 17.331 1.38407 1250.726 1545.422 294.696
350 18.493959 8.67 9.82449 16.382 17.331 0.94824 1220.552 1545.422 324.87

51 51 51
POR 35.99 28.03 1517.01

knet TP Out (ug/L) Biomass (afdw)
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EXHIBIT F-5
Test Cell Treatment 2 Model Input Data

Wheight Qi P ET I TPi TSSi Ni Ri Crain Temp L Ci
0.60 122.63 8.47E-05 0.0040 0.00 28.00 14.00 702.50 284.00 20.00 25.45 1 0.00
0.60 122.66 0.00E+00 0.0048 0.00 22.00 3.00 785.82 284.00 20.00 24.74 1 0.00
0.60 122.63 2.50E-03 0.0041 0.00 22.56 2.97 869.14 284.00 20.00 27.87 1 0.00
0.60 122.57 3.63E-05 0.0047 0.00 21.00 3.00 952.46 284.00 20.00 25.18 1 0.00
0.60 122.66 7.29E-03 0.0039 0.00 21.00 3.00 914.01 284.00 20.00 26.86 1 0.00
0.60 122.67 1.27E-04 0.0044 0.00 22.50 2.50 875.56 284.00 20.00 27.24 1 0.00
0.60 122.66 1.09E-04 0.0046 0.00 20.00 3.00 837.10 284.00 20.00 25.02 1 0.00
0.60 122.55 1.91E-02 0.0032 0.00 23.00 3.00 798.65 284.00 20.00 25.48 1 0.00
0.60 122.77 7.47E-03 0.0039 0.00 22.00 3.00 735.20 284.00 20.00 27.73 1 0.00
0.60 120.53 6.71E-03 0.0034 0.00 22.56 2.97 671.75 284.00 20.00 27.68 1 0.00
0.60 122.93 1.21E-02 0.0038 0.00 18.00 3.00 608.29 284.00 20.00 27.63 1 0.00
0.60 122.88 4.70E-03 0.0031 0.00 18.00 3.00 544.84 284.00 20.00 27.58 1 0.00
0.60 122.83 8.57E-04 0.0046 0.00 21.00 3.00 481.39 284.00 20.00 29.58 1 0.00
0.60 122.67 6.60E-04 0.0047 0.00 18.10 8.00 476.23 284.00 20.00 30.94 1 0.00
0.60 122.87 4.93E-03 0.0047 0.00 23.00 3.00 471.08 284.00 20.00 29.67 1 0.00
0.60 122.84 6.53E-04 0.0048 0.00 40.00 4.00 465.92 284.00 20.00 30.81 1 0.00
0.60 122.89 5.04E-03 0.0040 0.00 28.00 5.00 460.76 284.00 20.00 30.43 1 0.00
0.60 122.86 1.10E-02 0.0036 0.00 22.56 2.97 510.98 284.00 20.00 30.05 1 0.00
0.60 122.86 1.71E-03 0.0032 0.00 36.40 1.00 561.19 284.00 20.00 30.87 1 0.00
0.60 122.91 1.84E-02 0.0046 0.00 32.00 5.00 611.40 284.00 20.00 29.52 1 0.00
0.60 122.84 1.94E-03 0.0047 0.00 43.00 2.00 661.61 284.00 20.00 29.58 1 0.00
0.60 122.81 9.91E-03 0.0035 0.00 40.00 2.00 711.82 284.00 20.00 27.63 1 0.00
0.60 120.53 4.61E-03 0.0032 0.00 22.56 2.97 690.26 284.00 20.00 27.25 1 0.00
0.60 120.53 8.02E-03 0.0024 0.00 22.56 2.97 668.69 284.00 20.00 26.86 1 0.00
0.60 122.82 3.99E-04 0.0036 0.00 22.20 1.25 647.12 284.00 20.00 25.74 1 0.00
0.60 114.21 9.40E-03 0.0028 0.00 28.00 1.50 625.55 284.00 20.00 26.59 1 0.00
0.60 115.68 2.88E-02 0.0026 0.00 30.00 4.00 579.29 284.00 20.00 25.32 1 0.00
0.60 125.11 5.43E-03 0.0038 0.00 29.00 1.00 533.04 284.00 20.00 24.95 1 0.00
0.60 125.47 6.82E-03 0.0031 0.00 18.90 1.50 486.78 284.00 20.00 20.43 1 0.00
0.60 125.46 1.16E-03 0.0033 0.00 22.56 3.00 440.52 284.00 20.00 25.58 1 0.00
0.60 125.44 0 0.0034 0.00 18.37 4.00 506.78 284.00 20.00 23.10 1 0.00
0.60 125.44 0 0.0028 0.00 30.65 1.00 573.04 284.00 20.00 20.62 1 0.00
0.60 125.43 3.49E-04 0.0019 0.00 19.55 1.50 639.30 284.00 20.00 22.68 1 0.00
0.60 125.42 0 0.0022 0.00 14.40 3.80 705.55 284.00 20.00 21.59 1 0.00
0.60 125.43 5.81E-04 0.0020 0.00 22.65 2.00 771.81 284.00 20.00 20.78 1 0.00
0.60 125.40 1.09E-03 0.0019 0.00 22.90 1.50 619.13 284.00 20.00 21.17 1 0.00
0.60 116.58 2.72E-03 0.0025 0.00 16.55 3.50 466.45 284.00 20.00 21.88 1 0.00
0.60 110.05 9.80E-04 0.0029 0.00 16.00 0.50 313.76 284.00 20.00 15.81 1 0.00
0.60 110.12 1.81E-04 0.0028 0.00 14.70 2.00 161.08 284.00 20.00 21.24 1 0.00
0.60 110.09 0 0.0028 0.00 18.10 2.97 207.67 284.00 20.00 22.44 1 0.00
0.60 110.13 2.83E-03 0.0031 0.00 13.50 2.50 254.25 284.00 20.00 16.79 1 0.00
0.60 110.17 8.89E-04 0.0032 0.00 14.60 1.25 300.84 284.00 20.00 15.28 1 0.00
0.60 92.14 0 0.0027 0.00 12.50 2.97 347.43 284.00 20.00 18.83 1 0.00
0.60 116.09 2.47E-03 0.0033 0.00 15.00 2.97 394.02 284.00 20.00 17.87 1 0.00
0.60 111.72 0 0.0040 0.00 16.00 2.97 371.13 284.00 20.00 21.84 1 0.00
0.60 123.17 1.45E-04 0.0036 0.00 22.00 2.30 348.25 284.00 20.00 20.30 1 0.00
0.60 123.19 0 0.0038 0.00 19.00 2.97 325.36 284.00 20.00 22.21 1 0.00
0.60 123.13 2.79E-03 0.0038 0.00 29.10 1.20 302.48 284.00 20.00 21.22 1 0.00
0.60 123.20 1.29E-02 0.0035 0.00 17.73 2.97 302.48 284.00 20.00 23.78 1 0.00
0.60 123.18 1.09E-04 0.0046 0.00 19.78 2.97 302.48 284.00 20.00 23.03 1 0.00
0.60 123.16 5.08E-04 0.0044 0.00 17.07 2.97 302.48 284.00 20.00 24.85 1 0.00

Notes:
Wheight = water depth (cm)
Qi = inflow rate (m3/d)
P = precipitation total (m)
ET = evapotranspiration total (m)
I = infiltration (m)

TPi = total phosphorus inflow (µg/L)
TSSi = total suspended solids (mg/L)
Ni = periphyton total phosphorus (mg/kg dw)
Ri = sediment total phosphorus content (mg/kg dw)
Crain = precipitation total phosphorus content (µg/L)
Temp = average daily temperature (°C)
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EXHIBIT F-6
Test Cell Treatment 2 Model Output Data

day Predicted Observed Residual Predicted Observed Residual Predicted Observed Residual
0 5.3853245 -6.039844 11.42517 26.293 40 13.70719 702.503 702.5 0
7 9.8894928 -8.314394 18.20389 16.451 36 19.54896 658.491 785.8 127.3308

14 9.7232639 6.356302 3.366962 16.260 24 7.73958 634.347 869.1 234.794
21 8.6019526 -0.632079 9.234032 16.062 21.8 5.737693 618.172 952.5 334.2886
28 8.8764026 2.4098845 6.466518 15.371 18.3 2.928768 601.548 914.0 312.4595
35 8.890992 0.9425022 7.94849 16.180 21.3 5.120073 594.572 875.6 280.9826
42 7.5193631 -1.074629 8.593993 15.667 21.3 5.633114 585.653 837.1 251.4493
49 9.5913355 -0.794067 10.3854 15.352 24.1 8.747873 574.627 798.6 224.0218
56 8.6884847 -1.729038 10.41752 15.697 24.35 8.653088 582.345 735.2 152.853
63 8.7079575 0.7239505 7.984007 15.834 20.8 4.965599 580.675 671.7 91.07139
70 7.907892 -0.094519 8.002411 14.129 18.1 3.971264 578.314 608.3 29.98075
77 7.0631729 2.8811669 4.182006 14.350 15.2 0.849965 576.366 544.8 31.52257
84 7.4846273 6.9262665 0.558361 15.962 14 1.961655 568.082 481.4 86.68989
91 3.527737 6.1602596 2.632523 18.550 12.6 5.950188 563.293 476.2 87.05789
98 7.6353296 8.7155806 1.080251 16.375 13.8 2.574906 534.589 471.1 63.51155

105 12.778539 17.309699 4.53116 23.732 14.5 9.232183 542.064 465.9 76.14331
112 7.7068629 5.9970135 1.709849 19.228 19.7 0.471583 532.716 460.8 71.95238
119 8.0642774 6.356302 1.707975 15.616 16.1 0.484437 541.755 511.0 30.77954
126 13.899029 11.92064 1.978389 19.782 18 1.781778 551.780 561.2 9.407398
133 9.9708723 10.587484 0.616612 19.370 17.15 2.219641 543.534 611.4 67.86597
140 16.400382 16.972033 0.57165 23.221 15.8 7.420736 554.015 661.6 107.5973
147 14.066573 16.844011 2.777438 20.928 14.8 6.128266 533.772 711.8 178.052
154 7.2073421 6.356302 0.85104 15.941 15.834 0.10718 528.704 690.3 161.5524
161 7.5898811 6.356302 1.233579 15.579 15.834 0.254137 536.358 668.7 132.3301
168 8.449388 6.4110308 2.038357 15.002 15.2 0.19829 544.972 647.1 102.1487
175 10.493323 8.3906095 2.102714 16.514 16.4 0.11356 548.208 625.6 77.34489
182 10.42862 9.1388706 1.28975 17.267 16.9 0.367187 551.419 579.3 27.87587
189 11.813671 11.540874 0.272798 16.988 14.9 2.088111 563.995 533.0 30.95817
196 8.3350104 5.6547863 2.680224 13.635 13.6 0.035254 564.821 486.8 78.04166
203 7.8500523 6.356302 1.49375 16.200 12.05 4.149929 566.551 440.5 126.0284
210 5.7610244 7.1465784 1.385554 15.493 12.1 3.392977 566.063 506.8 59.28255
217 11.684138 16.604292 4.920154 17.759 11.6 6.15899 554.600 573.0 18.43861
224 7.5217217 11.031868 3.510146 13.893 10.25 3.642763 554.242 639.3 85.05449
231 4.3156904 4.361322 0.045632 13.676 11.15 2.526157 554.356 705.6 151.199
238 7.5073289 9.8422722 2.334943 15.339 12.7 2.639002 530.245 771.8 241.5682
245 8.2007773 10.695298 2.49452 15.059 12.2 2.858607 538.725 619.1 80.40415
252 5.402582 3.3392284 2.063354 14.241 13.4 0.841213 546.153 466.4 79.70751
259 6.9161691 4.8006474 2.115522 12.292 11.6 0.691868 533.406 313.8 219.6433
266 5.171082 7.2265287 2.055447 12.926 9.1 3.825725 524.482 161.1 363.4032
273 5.0842135 5.1758612 0.091648 14.800 13.1 1.700015 507.960 207.7 300.2935
280 4.2812217 2.1603143 2.120907 12.764 11.8 0.964151 502.547 254.3 248.2928
287 4.8193526 6.0646237 1.245271 12.390 10 2.39025 488.368 300.8 187.5258
294 3.3486696 3.1267823 0.221887 13.352 9.9 3.452033 483.084 347.4 135.6543
301 3.0536827 9.6869338 6.633251 13.544 8.5 5.043923 451.032 394.0 57.01447
308 3.353032 7.8798779 4.526846 14.297 10 4.296594 454.873 371.1 83.73989
315 5.3450789 7.0650857 1.720007 15.681 15 0.681096 455.440 348.2 107.1911
322 4.6084405 5.6366462 1.028206 15.119 14 1.118664 477.307 325.4 151.9428
329 9.2868959 19.295207 10.00831 17.340 10.317155 7.023324 488.360 302.5 185.8796
336 5.9025183 8.0749004 2.172382 13.952 11.452047 2.5003 503.700 302.5 201.2201
343 5.8888616 5.9712278 0.082366 15.566 14.363938 1.202218 518.523 302.5 216.0422
350 5.1731951 6.356302 1.183107 14.505 12.559207 1.94594 522.118 302.5 219.6376

51 51 51
26.37 26.89 977.29

Knet (m/yr) TP Out (ug/L) Biomass (dw)
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Exhibit F-9 presents scatterplots comparing the predicted model and the observed data as an
estimate of the goodness-of-fit of the model. The solid line depicted is a 1:1 line illustrating
the apparent relationship if model predictions were completely accurate, and the dashed
line is the best-fit trendline returned by the spreadsheet using ordinary least-square
regression.

Scatter around the central tendency of the predicted and observed scatterplot tended to
reduce the regression r-square values. Predicted TP and k explained approximately half of
the variance in the observed data and approximately 30 percent of the variance in the
biomass relationship. However, trends in the data were consistent with the model
predictions, and k showed a relatively good fit between model predictions and trends in the
observed data.

EXHIBIT F-7
Predicted and Observed Descriptive Statistics, PP-4 Model Calibration
Period of record extends from March 1999 through January 2000

knet TP Out (µg/L) Biomass (dw)

Predicted Observed Predicted Observed Predicted Observed

Mean 8.4 8.7 14 17 788 713

Median 6.1 8.7 14 15 785 690

Maximum 20.6 26.3 20 51 1251 1545

Minimum -1.8 -5.1 11 10 190 190

Std Dev 6.3 8.9 2 7 276 318

P0 -1.8 -5.1 11 10 190 190

P10 0.5 -2.4 11 11 443 385

P50 6.1 8.7 14 15 785 690

P90 17.8 20.8 17 23 1156 976

P100 20.6 26.3 20 51 1251 1545

F.1.2.2 Test Cells
Exhibit F-10 provides descriptive statistics comparing model predictions and observed
conditions for TP concentrations, TP removal rates, and periphyton biomass for Test Cell
Treatment 2. Mean and median values for the period of record showed good agreement for
all variables, but the model tended to slightly overestimate k and biomass, particularly
toward the minimum values.

Exhibit F-11 presents a time-series of observed and predicted values for the same variables.
With the exception of the start-up period, the fitted model showed good agreement for TP
and k. Biomass terms were best able to predict the central tendency of the multiple biomass
peaks and underestimated the range of variation.
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EXHIBIT F-8
Model Predictions and Observed Values, PP-4
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EXHIBIT F-9
Model Goodness of Fit with Observed Data, PP-4

Algal Biomass
PP-4
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EXHIBIT F-10
Model Prediction Descriptive Statistics, STC-2

Knet TP Out (µg/L) Biomass (dw)

Predicted Observed Predicted Observed Predicted Observed

Mean 7.9 6.4 16.0 15.8 547.2 547.0

Median 7.8 6.4 15.5 14.5 546.0 544.8

Maximum 16.7 19.3 26.2 40.0 702.5 952.5

Minimum 3.1 -8.3 12.2 8.5 452.3 161.1

Std Dev 3.0 5.6 2.8 6.0 47.5 196.1

p0 3.1 -8.3 12.2 8.5 452.3 161.1

p10 4.4 -0.6 13.5 10.3 489.3 302.5

p50 7.8 6.4 15.5 14.5 546.0 544.8

p90 11.9 11.9 19.3 21.8 594.6 798.6

p100 16.7 19.3 26.2 40.0 702.5 952.5

Exhibit F-12 presents scatterplots comparing the predicted model and the observed data as
an estimate of the goodness-of-fit of the model. The solid line depicted is a 1:1 line illustrat-
ing the apparent relationship if model predictions were completely accurate, and the dashed
line is the best-fit trendline returned by the spreadsheet using ordinary least-square
regression.

Predicted TP and k explained relatively small amounts of variance in the observed data and
approximately 50 percent of the variance in the biomass relationship. However, trends in
the data were consistent with the model predictions, and k showed a relatively good fit
between model predictions and trends in the observed data.

F.1.2.3 Comparison Between Test Cells and Porta-PSTAs
The calibrated rate model parameters returned by the Solver routine varied between the two
experimental shellrock treatments. The algal death rate (m) was found to be several times
greater for the Test Cell treatment, which may be in part attributed to the declining trend in
Test Cell periphyton biomass through the study period following the initial grow-in period.
The settling rate (kso) and the sloughing rate coefficients were returned as zero, indicating
an insignificant effect under these test conditions. The internal recycle fraction was esti-
mated to be slightly higher for the Test Cell than the Porta-PSTA. The mass transfer rate of P
assimilation into the periphyton was greater for the Porta-PSTA, as was the resuspension
rate. The latter observation corroborates the field measurements of k, indicating a higher
mass removal rate for the Porta-PSTAs than the Test Cells, presumably a manifestation of
the scale effect of mesocosm size.
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EXHIBIT F-11
Model Predictions and Observed Values, STC-2
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EXHIBIT F-12
Model Predictions and Observed Values, STC-2
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F.1.3 Preliminary Model Sensitivity Analysis
The sensitivity of the PSTA Forecast Model was assessed by comparing the effect of varying
rates of mass transfer (kwo), sloughing (kso), sedimentation (kT), and hydraulic loading rate
(HLR), as well as the effects of water depth and substrate type on TP removal performance.
A shellrock-based Test Cell was used as an example case with average water, sediment, and
periphyton biomass characteristics assumed using measured values from Treatment 2.

Exhibit F-13 compares the effect of varying key parameters on outflow TP concentration.
The baseline case was set to approximate average performance for STC-2. Settling rate (kT),
mass transfer rate (kwo), and resuspension rate (kRo) returned the greatest differences in
mean TP concentration. Increasing kT from 0 to 0.1 decreased TP outflow concentrations to
10 µg/L. Decreasing kwo by a factor of 10 nearly doubled TP outflow concentrations.
Decreasing the resuspension rate by a factor of 10 decreased the TP outflow concentration
from approximately 16 to 11 µg/L. Increasing kso from 0 to 0.1 produced a slight increase in
outflow TP. Decreasing system depth slightly increased the TP outflow concentration, and
doubling the HLR did not change outflow TP.

These results indicate that rates of settling, mass transfer, and resuspension have the most
significant effects on model performance. Increased flows and decreased depths, given the
same inflow concentrations, did not result in significant departures from average outflow
TP.

F.2 Model Applications
The PSTA Forecast Model is intended to be used as an extrapolation tool to estimate long-
term performance and to conceptualize the design and operational requirements for a full-
scale system. The model can be used to simulate long-term TP removal performance under
highly variable rainfall, depth, and hydraulic loading.

Critical operational scenarios yet to be defined quantitatively include periodic dryout and
restart, systematic harvest, or long-term accretion of organic soils and self-shading through
macrophyte growth. These actions are expected to significantly affect the evaluation of long-
term cost-effectiveness. The model in its current condition allows the user to “restart” the
system at varying intervals, presumably after critical growth and P accumulation periods
have occurred.

When validated during Phase 2, the PSTA Forecast Model will be used to determine PSTA
performance under the conditions of the Standards of Comparison. Other applications could
include preliminary assessments of PSTA performance under hypothetical loading condi-
tions As an interim example, Exhibit F-14 provides projections of discharge TP concentra-
tions under different inflow concentrations and different HLRs for a range of concentrations
that may be expected from an STA. A 5-acre PSTA was assumed with a 3:1 aspect ratio,
average depth of 60 cm, and a shellrock substrate. The calibrated STC-2 input variables were
used for the different flow scenarios.
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EXHIBIT F-13
Sensitivity Analysis, Test Cell Baseline

EXHIBIT F-14
Model Projection of PSTA TP Discharge Concentrations for Varying HLR and Inflow Concentrations
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The model predicts that an HLR of 10 to 15 cm/d may be optimal to achieve significant P
removals, but the strong interaction between stored P in the wetland soils and the water
column makes attainment of a 10 µg/L discharge still uncertain. Based upon these model
projections, the Phase 2 field-scale approach appears to be necessary for model validation.

F.3 Microsoft® Access Model Enhancements
Many models have been developed using Microsoft® Excel as their framework. A steady-
state version of the PSTA Forecast Model has been developed using Microsoft® Access.
While Excel has its advantages, Access offers several unique qualities:

•  Access provides a more user-friendly atmosphere with separate pages or forms for
textual descriptions or instructions, model parameter inputs, and results. The user does
not need to sort through pages of data to find the results of the model run or parameters
to change. A click of a button brings a summary to the screen.

•  Access has the ability to store and utilize a larger amount of data. While at simpler levels
Access may take longer to run the model, Access has the ability to create and store much
larger datasets in a smaller amount of space. Individual model runs can be stored by a
unique title and later be easily recalled for comparison to new model runs.

•  Excel may “ghost” model runs, showing no change in results despite a change in input,
especially when running lengthy models. Access will not have this problem. The user
will see an indicator that the model is running.

•  The model user does not need to create comparison or result tables. Access contains
forms designed to create report-ready result output. The user will need only to pick the
model run(s) desired and Access will generate print-ready tables or figures.

•  On the design aspect, Access can be adapted to incorporate submodels just as easily as
Excel. Additional results or inputs are easily added to existing input forms or result
reports.

Overall, while initially an Access-based model may take more time to develop, the end
result will be a model that is easier to adapt, manipulate, and interpret.

F.3.1 Model Design
Upon entering the Version 1.4 PSTA Forecast, a “Main Menu” form serves as a starting
point and central hub for the model. Buttons on this page link the different areas of the
model together. The user can return to this page at any time from the different areas of the
model application.

Input parameters are manipulated through multiple forms based on conceptual design
diagrams. In addition, the ability to input a set of time-variable data has been incorporated.
Previously saved models can also be recalled for adjustments and re-evaluation. Running
the model executes a number of macros and queries. These are the utilities Access uses to
make calculations and tables. The results are written to a single table, and specific values are
then pulled into further use in separate tables as needed.
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The results can be retrieved from the Input form, the Model End, or the Main Menu. The
results display all the input parameters, results, and graphs on a single, easily readable
form. In addition, a form allows the user to graph results for any variable for analysis. A set
of reports has also been developed for use in printing out and viewing results in hard copy.

The true heart of the model is contained within the queries and macros that run the model.
The tables found at the end of this appendix summarize the calculations designed within the
queries. For those users with little knowledge of Access database programs, it is suggested
that any changes be made through the model designer. However, little knowledge of Access
is needed to effectively use the model. The following section covers the basic Access
techniques needed.

F.3.2 Basic Access Concepts
A database is essentially a collection of information. It is made up of five basic components:
tables, forms, queries, reports, and macros, modules, or events. The tables are used to store
related data. Forms serve a variety of purposes including data-entry (Model Variable Input
Form), switchboard type options (Main Menu Form), and dialog actions (i.e., “Do you really
want to quit?”). Queries are used to view, change, and analyze data. Reports summarize
and present data in a printable format. Macros, Modules, and Events are “computer
program” commands. These components tell the database which forms or queries to open
when the user clicks on a button.

F.3.2.1 Starting the Model
To open the model, first open Access, then select the PSTA.mdb file. The model will open
and ask for a User ID and Password.

Once within the model, the Main Menu form will open. The buttons move to the following
locations:

“Model Description”: Opens a text form showing the description of the model, which
submodels are incorporated, and any other important information on the design of the
model. Also available is a diagram of both the physical and biological frameworks of the
model.

“Model Variable Description”: Opens forms containing tables showing the name,
descriptions, units, and abbreviation for all the variables. The forms are also linked to a form
where the model equations can be viewed.

“Model Variable Inputs”: Helps the user input data and run the model.

“Results”: Moves the user to the form displaying the results of the most recent model run.
Also provides a link to saving the model run as well as viewing additional graphical results.
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“Reports”: Provides the user
with options for reports to print
for either the current model run
or previously saved runs.

“User Information”: Only for
users with Access knowledge.
This button will allow for the
entry of different User IDs and
passwords as well as controlling
the allowable access for those
users.

“Save/Delete Runs”: Opens
another switchboard form to
either delete old model runs that
have been saved, or to save the
most recent model run.

“Exit Model”: Closes the database and exits Access.

F.3.2.2 Changing and Inputting Parameters
To change the input variables within the model, click on the “Model Variable Inputs”
button. This version of the model allows for input data that may vary over the course of the
model run for the parameters of water input height, flow, precipitation, evapotranspiration,
infiltration, initial TP, initial TSS, initial biomass, initial inactive residual, the concentration
of P in the rain, temperature, and sunlight. Select either “steady-state” (the input variables
will remain the same during the model run) or “time-variable” (the variables may change
over time). If time-variable inputs are selected, the model will help the user create a
spreadsheet that will allow for automated import of the data. Click “continue” to finish
entering the input data.

The following pages are set up as diagrams (see next page). By clicking on the name of a
variable, a form prompting for the model input necessary will be opened. If the user of the
model is unsure of a specific variable abbreviation, refer to the “Model Variable Definition”
section of the model, or the end of this memo.

When all the inputs have been made, the form to run the model will be opened. Input the
number of years the model will be run as well as the time step to run at and then click “Run
the Model.” The model will take a few minutes to run. A form will open to indicate the
model is working.
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When finished, four options will be presented. The user may either return to the main
menu, go back to the model input section, view the results, or save the model run. If “See
the Results” is selected, the results page is opened as seen below:

This page displays the input
parameters, calculated results,
plots of active biomass, inactive
residual, and the P removal rate
over time, and a summary results
showing values for the first and
last day of the model for compari-
son. In addition, links are pro-
vided to view further graphical
results and also to save the model
run. If the model results are not as
expected, a button is also
provided that will return the user
to the input pages to make
changes and rerun the model.

F.3.2.3 Printing Reports
A number of reports have been developed to allow for hard copies of model inputs and
results to be made. Reports may be generated for a saved model run by selecting the model
name from the drop down box within the appropriate section of the form (see the figure on
the following page). Reports may be either directly printed, or first previewed to ensure the
desired information is available on the selected report.

F.3.2.4 Changing the Model Framework
The above concepts are all users need
know about Access to successfully
manipulate the model. Access to the
queries and programming of the
model is not allowed through the
default UserID and Password.



DFB/APP G.DOC G-1

APPENDIX G

Quality Assurance/Quality Control

Quality Assurance (QA) is defined as those established protocols that provide adequate
confidence that field activities are planned and performed in accordance with accepted
standards and practices to ensure the resulting data are valid. Quality Control (QC) is an
integral part of the overall QA function and is comprised of all actions necessary to control
and verify that project activities and resulting data meet established requirements.

To ensure that a minimum level of data quality is achieved, the following activities are
conducted:

•  Field operations are conducted in accordance with written Standard Operating
Procedures (SOPs) (refer to Appendix H).

•  Project staff are provided with appropriate training to ensure familiarity with the SOPs.
Senior staff members routinely observe field activities and refine methods, as needed.

•  Field QC samples are collected to monitor the quality of field and laboratory data.
Under the PSTA project, the following field control samples are collected: field dupli-
cates and equipment blanks. Field duplicates are used to check repeatability or precision
of the data; these samples are collected for all matrices at a rate of 10 percent of total
samples. Equipment blanks are used to detect contamination of samples resulting from
contaminated field equipment and are collected at a rate of 5 percent of total samples.

Exhibits G-1 and G-2 summarize field duplicate results for the PSTA project collected
during Phase 1 of the study for Test Cells and Porta-PSTAs, respectively. In accordance with
District protocol, a relative standard deviation (RSD) between each duplicate sample and
the corresponding native sample is calculated; RSD results are also summarized in the
referenced exhibits. The target RSD for duplicate samples is less than 10 percent based on
District standards.

Exhibits G-3Test Cells) and G-4 summarize the equipment blank results for the PSTA project
collected during Phase 1 of the study for Test Cells and Porta-PSTAs, respectively.
Equipment blank results were evaluated with respect to the analytical method detection
limit (MDL), and those that District are equal to or less than twice the MDL are acceptable,
per District standards.



Exhibit G-1
Field Duplicate Data for the South ENR Test Cells, February 1999 to March 2000

Relative

Matrix
Analytical
Laboratory Date Cell Location Parameter units

Standard
Deviation (%)

Water PPB 12/27/99 13  1/3 N_TOT mg/L 1.98 2.31 10.9
01/24/00 HC Outflow N_TOT mg/L 2.17 1.92 8.6
02/22/00 HC Outflow N_TOT mg/L 2.01 2.02 0.4
02/22/00 HC Outflow N_TOT mg/L 2.01 2.02 0.4
03/06/00 HC Outflow N_TOT mg/L 1.91 1.87 1.5
12/27/99 13  1/3 NH3 mg/L < 0.004 < 0.004 0.0
01/24/00 HC Outflow NH3 mg/L 0.030 0.012 60.6
02/22/00 HC Outflow NH3 mg/L 0.098 0.096 1.5
02/22/00 HC Outflow NH3 mg/L 0.098 0.096 1.5
03/06/00 HC Outflow NH3 mg/L 0.094 0.132 23.8
12/27/99 13  1/3 NO2NO3 mg/L 0.023 0.025 5.9
01/24/00 HC Outflow NO2NO3 mg/L 0.092 < 0.004 130 a

02/22/00 HC Outflow NO2NO3 mg/L 0.066 0.07 4.2
02/22/00 HC Outflow NO2NO3 mg/L 0.066 0.07 4.2
03/06/00 HC Outflow NO2NO3 mg/L 0.084 0.084 0.0
12/27/99 13  1/3 TKN mg/L 1.96 2.28 10.7
01/24/00 HC Outflow TKN mg/L 2.08 1.92 5.7
02/22/00 HC Outflow TKN mg/L 1.94 1.95 0.4
02/22/00 HC Outflow TKN mg/L 1.94 1.95 0.4
03/06/00 HC Outflow TKN mg/L 1.83 1.79 1.6
12/27/99 13  1/3 TOC mg/L 40.6 44.3 6.2
01/24/00 HC Outflow TOC mg/L 35.0 34.0 2.0
02/22/00 HC Outflow TOC mg/L 32.6 33.5 1.9
02/22/00 HC Outflow TOC mg/L 32.6 33.5 1.9
03/06/00 HC Outflow TOC mg/L 33.7 32.7 2.1

TOXIKON 03/31/99 3  2/3 ALKAL mg/L 273 287 3.5
03/31/99 13  1/3 ALKAL mg/L 259 268 2.4
04/12/99 13 Outflow ALKAL mg/L 223 223 0.0
05/21/99 8  2/3 ALKAL mg/L 162 163 0.4
06/14/99 8 Outflow ALKAL mg/L 125 121 2.3
07/14/99 13 Inflow ALKAL mg/L 226 229 0.9
08/16/99 8 Inflow ALKAL mg/L 255 259 1.1
09/29/99 8  1/3 ALKAL mg/L 258 254 1.1
09/29/99 13  1/3 ALKAL mg/L 194 214 6.9
10/25/99 3 Outflow ALKAL mg/L 195 197 0.7
11/29/99 8 Outflow ALKAL mg/L 240 245 1.5
12/27/99 13  1/3 ALKAL mg/L 240 240 0.0
01/24/00 HC Outflow ALKAL mg/L 260 230 8.7
01/24/00 HC Outflow ALKAL mg/L 260 230 8.7
02/22/00 HC Outflow ALKAL mg/L 260 260 0.0
03/06/00 HC Outflow ALKAL mg/L 260 260 0.0
03/31/99 3  2/3 CA mg/L 56.5 54.2 2.9
03/31/99 13  1/3 CA mg/L 49.5 45.9 5.3
04/12/99 13 Outflow CA mg/L 41.8 40.6 2.1
05/21/99 8  2/3 CA mg/L 33.6 33.6 0.0
06/14/99 8 Outflow CA mg/L 30 30 0.0
07/14/99 13 Inflow CA mg/L 55.8 54.6 1.5
08/16/99 8 Inflow CA mg/L 58 60 2.4
09/29/99 8  1/3 CA mg/L 76 72 3.8
09/29/99 13  1/3 CA mg/L 50 47 4.4
10/25/99 3 Outflow CA mg/L 60 58 2.4
11/29/99 8 Outflow CA mg/L 64 66 2.2
12/27/99 13  1/3 CA mg/L 60 66 6.7
01/24/00 HC Outflow CA mg/L 76 66 10.0
01/24/00 HC Outflow CA mg/L 76 66 10.0
02/22/00 HC Outflow CA mg/L 66 66 0.0
03/06/00 HC Outflow CA mg/L 65 71 6.2
03/31/99 3  2/3 N_TOT mg/L 1.06 < 0.09 119 a

03/31/99 13  1/3 N_TOT mg/L 0.61 0.101 101
04/12/99 13 Outflow N_TOT mg/L 1.27 1.19 4.6
05/21/99 8  2/3 N_TOT mg/L 1.33 69.2 136 a

06/14/99 8 Outflow N_TOT mg/L 1.0 0.99 0.7
07/14/99 13 Inflow N_TOT mg/L 0.664 1.04 31.2
08/16/99 8 Inflow N_TOT mg/L 2.4 1.5 32.6
09/29/99 8  1/3 N_TOT mg/L 0.78 1.1 24.1
09/29/99 13  1/3 N_TOT mg/L 1.1 1.6 26.2
10/25/99 3 Outflow N_TOT mg/L 0.93 0.9 2.3
11/29/99 8 Outflow N_TOT mg/L 1.4 1.5 4.9
03/31/99 3  2/3 NH3 mg/L < 0.04 < 0.04 0.0
03/31/99 13  1/3 NH3 mg/L < 0.04 < 0.04 0.0
04/12/99 13 Outflow NH3 mg/L < 0.04 < 0.04 0.0
05/21/99 8  2/3 NH3 mg/L 0.072 0.064 8.3
06/14/99 8 Outflow NH3 mg/L < 0.04 < 0.04 0.0
07/14/99 13 Inflow NH3 mg/L 0.063 0.053 12.2
08/16/99 8 Inflow NH3 mg/L 0.22 0.13 36.4
09/29/99 8  1/3 NH3 mg/L < 0.04 < 0.04 0.0
09/29/99 13  1/3 NH3 mg/L < 0.04 < 0.04 0.0
10/25/99 3 Outflow NH3 mg/L < 0.04 < 0.04 0.0

Field
Duplicate

Field
Sample

Sampling Point
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Relative

Matrix
Analytical
Laboratory Date Cell Location Parameter units

Standard
Deviation (%)

Field
Duplicate

Field
Sample

Sampling Point

11/29/99 8 Outflow NH3 mg/L < 0.04 < 0.04 0.0
03/31/99 13  1/3 NO2NO3 mg/L < 0.05 < 0.05 0.0
03/31/99 3  2/3 NO2NO3 mg/L < 0.05 < 0.05 0.0
04/12/99 13 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
05/21/99 8  2/3 NO2NO3 mg/L < 0.05 < 0.05 0.0
06/14/99 8 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
07/14/99 13 Inflow NO2NO3 mg/L 0.054 < 0.05 5.4
08/16/99 8 Inflow NO2NO3 mg/L < 0.05 < 0.05 0.0
09/29/99 8  1/3 NO2NO3 mg/L < 0.05 < 0.05 0.0
09/29/99 13  1/3 NO2NO3 mg/L < 0.05 < 0.05 0.0
10/25/99 3 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
11/29/99 8 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
03/31/99 3  2/3 TKN mg/L 1.06 < 0.04  131 a

03/31/99 13  1/3 TKN mg/L 0.61 0.101 101 a

04/12/99 13 Outflow TKN mg/L 1.27 1.19 4.6
05/21/99 8  2/3 TKN mg/L 1.33 69.2 136 a

06/14/99 8 Outflow TKN mg/L 1.0 0.99 0.7
07/14/99 13 Inflow TKN mg/L 0.61 1.04 36.9
08/16/99 8 Inflow TKN mg/L 2.4 1.5 32.6
09/29/99 13  1/3 TKN mg/L 1.1 1.6 26.2
09/29/99 8  1/3 TKN mg/L 0.78 1.1 24.1
10/25/99 3 Outflow TKN mg/L 0.93 0.9 2.3
11/29/99 8 Outflow TKN mg/L 1.4 1.5 4.9
03/31/99 13  1/3 TOC mg/L 35.2 37.4 4.3
03/31/99 3  2/3 TOC mg/L 35.0 35.4 0.8
04/12/99 13 Outflow TOC mg/L 41.4 41.1 0.5
05/21/99 8  2/3 TOC mg/L 32.4 30.7 3.8
06/14/99 8 Outflow TOC mg/L 23.2 23.7 1.5
07/14/99 13 Inflow TOC mg/L 30.0 30.3 0.7
08/16/99 8 Inflow TOC mg/L 32.6 32 1.3
09/29/99 8  1/3 TOC mg/L 39.5 70 39.4
09/29/99 13  1/3 TOC mg/L 74.7 74.6 0.1
10/25/99 3 Outflow TOC mg/L 32 32 0.0
11/29/99 8 Outflow TOC mg/L 40 41 1.7
03/31/99 3  2/3 TSS mg/L < 4 < 4 0.0
03/31/99 13  1/3 TSS mg/L 6 8 20.2
04/12/99 13 Outflow TSS mg/L 12 < 4 70.7
05/21/99 8  2/3 TSS mg/L 14 < 4 78.6
06/14/99 8 Outflow TSS mg/L < 4 < 4 0.0
07/14/99 13 Inflow TSS mg/L < 4 < 4 0.0
08/16/99 8 Inflow TSS mg/L < 2 < 2 0.0
09/29/99 8  1/3 TSS mg/L 2 1.8 9.4
09/29/99 13  1/3 TSS mg/L 12 6 47.1
10/25/99 3 Outflow TSS mg/L 2.8 2.8 0.0
11/29/99 8 Outflow TSS mg/L 1 < 1 0.0
12/27/99 13  1/3 TSS mg/L 28 30 4.9
01/24/00 HC Outflow TSS mg/L 2 < 1 47.1
01/24/00 HC Outflow TSS mg/L 2 < 1 47.1
02/22/00 HC Outflow TSS mg/L 2.6 2.0 18.4
03/06/00 HC Outflow TSS mg/L 4 1.6 60.6

IFAS 02/23/99 8 Outflow SRP mg/L 0.003 0.002 28.3
03/03/99 13 Outflow SRP mg/L 0.003 0.004 20.2
03/08/99 3 Outflow SRP mg/L 0.003 0.003 0.0
03/15/99 8 Outflow SRP mg/L 0.002 0.003 28.3
03/23/99 13 Outflow SRP mg/L 0.004 0.003 20.2
03/29/99 13  1/3 SRP mg/L 0.01 0.009 7.4
03/29/99 3  2/3 SRP mg/L 0.005 0.009 40.4
04/03/99 8 Outflow SRP mg/L 0.003 0.002 28.3
04/12/99 13 Outflow SRP mg/L 0.003 0.003 0.0
04/27/99 13 Outflow SRP mg/L 0.004 0.005 15.7
05/03/99 3 Outflow SRP mg/L 0.0031 0.0039 16.2
05/10/99 13 Outflow SRP mg/L 0.0026 0.0026 0.0
05/20/99 8  2/3 SRP mg/L 0.0142 0.0206 26.0
05/25/99 3 Outflow SRP mg/L 0.0022 0.0013 36.4
06/01/99 13 Outflow SRP mg/L 0.0002 0.0002 0.0
06/09/99 8 Outflow SRP mg/L 0.0029 0.003 2.4
06/14/99 8 Outflow SRP mg/L 0.0024 0.0025 2.9
06/21/99 3 Outflow SRP mg/L 0.0011 < 0.0001 118
06/28/99 13 Outflow SRP mg/L 0.0027 0.0023 11.3
07/06/99 13 Outflow SRP mg/L 0.0025 0.0038 29.2
07/14/99 13 Inflow SRP mg/L 0.0064 0.0052 14.6
07/19/99 13 Outflow SRP mg/L 0.0022 0.0064 69.1
07/26/99 3 Outflow SRP mg/L 0.001 0.0013 18.4
08/02/99 13 Outflow SRP mg/L 0.001 0.0008 15.7
08/09/99 3 Outflow SRP mg/L 0.001 0.0009 7.4
08/31/99 13 Outflow SRP mg/L 0.0027 0.0022 14.4
09/29/99 8  1/3 SRP mg/L 0.003 0.0022 21.8
09/29/99 13  1/3 SRP mg/L 0.0016 0.0014 9.4
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Relative

Matrix
Analytical
Laboratory Date Cell Location Parameter units

Standard
Deviation (%)

Field
Duplicate

Field
Sample

Sampling Point

10/18/99 8 Outflow SRP mg/L 0.0015 0.0016 4.6
10/25/99 3 Outflow SRP mg/L 0.0015 0.0014 4.9
11/29/99 8 Outflow SRP mg/L 0.0016 0.0025 31.0
12/27/99 13  1/3 SRP mg/L 0.0014 0.0023 34.4
01/18/00 HC Outflow SRP mg/L 0.005 0.0022 55.0
01/18/00 HC Outflow SRP mg/L 0.0022 0.0022 0.0
01/24/00 HC Outflow SRP mg/L 0.0071 0.0069 2.0
02/16/00 HC Outflow SRP mg/L 0.002 0.002 0.0
02/22/00 HC Outflow SRP mg/L 0.006 0.006 0.0
02/28/00 HC Outflow SRP mg/L 0.003 0.003 0.0
03/06/00 HC Outflow SRP mg/L 0.0012 0.0012 0.0
03/14/00 HC Outflow SRP mg/L 0.0012 0.0015 15.7
03/20/00 HC Outflow SRP mg/L 0.0028 0.0028 0.0
03/27/00 HC Outflow SRP mg/L 0.002 0.002 0.0
02/23/99 8 Outflow TDP mg/L 0.025 0.01 60.6
03/03/99 13 Outflow TDP mg/L 0.01 0.009 7.4
03/08/99 3 Outflow TDP mg/L 0.01 0.01 0.0
03/15/99 8 Outflow TDP mg/L 0.011 0.013 11.8
03/23/99 13 Outflow TDP mg/L 0.01 0.013 18.4
03/29/99 13  1/3 TDP mg/L 0.011 0.011 0.0
03/29/99 3  2/3 TDP mg/L 0.018 0.01 40.4
04/03/99 8 Outflow TDP mg/L 0.011 0.011 0.0
04/12/99 13 Outflow TDP mg/L 0.017 0.019 7.9
04/27/99 13 Outflow TDP mg/L 0.018 0.02 7.4
05/03/99 3 Outflow TDP mg/L 0.0189 0.0228 13.2
05/10/99 13 Outflow TDP mg/L 0.0155 0.0145 4.7
05/20/99 8  2/3 TDP mg/L 0.0168 0.0241 25.2
05/25/99 3 Outflow TDP mg/L 0.0122 0.0131 5.0
06/01/99 13 Outflow TDP mg/L 0.0138 0.0185 20.6
06/09/99 8 Outflow TDP mg/L 0.0114 0.0117 1.8
06/14/99 8 Outflow TDP mg/L 0.0108 0.0108 0.0
06/21/99 3 Outflow TDP mg/L 0.0081 0.0099 14.1
06/28/99 13 Outflow TDP mg/L 0.0087 0.0087 0.0
07/06/99 13 Outflow TDP mg/L 0.0071 0.0103 26.0
07/14/99 13 Inflow TDP mg/L 0.0126 0.0135 4.9
07/19/99 13 Outflow TDP mg/L 0.0101 0.0091 7.4
07/26/99 3 Outflow TDP mg/L 0.0071 0.0071 0.0
08/02/99 13 Outflow TDP mg/L 0.0106 0.0106 0.0
08/09/99 3 Outflow TDP mg/L 0.0143 0.0125 9.5
08/16/99 13 Inflow TDP mg/L 0.0134 0.0125 4.9
08/25/99 8 Outflow TDP mg/L 0.0086 0.0086 0.0
08/31/99 13 Outflow TDP mg/L 0.0086 0.0104 13.4
09/07/99 3 Outflow TDP mg/L 0.0086 0.0086 0.0
09/29/99 8  1/3 TDP mg/L 0.012 0.0103 10.8
09/29/99 13  1/3 TDP mg/L 0.0112 0.0147 19.1
10/04/99 3 Outflow TDP mg/L 0.0085 0.0103 13.5
10/18/99 8 Outflow TDP mg/L 0.0063 0.0063 0.0
10/25/99 3 Outflow TDP mg/L 0.0086 0.0077 7.8
11/01/99 8 Outflow TDP mg/L 0.0063 0.0055 9.6
11/08/99 13 Outflow TDP mg/L 0.0074 0.0074 0.0
11/15/99 8 Outflow TDP mg/L 0.0074 0.0074 0.0
11/22/99 8 Outflow TDP mg/L 0.0052 0.0052 0.0
11/29/99 8 Outflow TDP mg/L 0.007 0.008 9.4
12/06/99 3 Outflow TDP mg/L 0.0083 0.0074 8.1
12/15/99 13 Outflow TDP mg/L 0.0095 0.0095 0.0
12/20/99 3 Outflow TDP mg/L 0.0073 0.0056 18.6
12/27/99 13  1/3 TDP mg/L 0.0081 0.0081 0.0
01/04/00 13 Outflow TDP mg/L 0.0064 0.0073 9.3
01/10/00 3 Outflow TDP mg/L 0.0079 0.0079 0.0
01/18/00 HC Outflow TDP mg/L 0.0134 0.0081 34.9
01/24/00 HC Outflow TDP mg/L 0.0127 0.0134 3.8
01/31/00 HC Outflow TDP mg/L 0.0108 0.0099 6.1
02/07/00 8 Outflow TDP mg/L 0.006 0.006 0.0
02/16/00 HC Outflow TDP mg/L 0.012 0.012 0.0
02/22/00 HC Outflow TDP mg/L 0.012 0.013 5.7
02/28/00 HC Outflow TDP mg/L 0.015 0.013 10.1
03/06/00 HC Outflow TDP mg/L 0.013 0.013 0.0
03/14/00 HC Outflow TDP mg/L 0.01414 0.0150 4.3
03/20/00 HC Outflow TDP mg/L 0.01617 0.0153 4.1
03/27/00 HC Outflow TDP mg/L 0.01436 0.0126 9.5
02/12/99 8 Outflow TP mg/L 0.028 0.021 20.2
02/19/99 3 Outflow TP mg/L 0.028 0.028 0.0
02/23/99 8 Outflow TP mg/L 0.025 0.027 5.4
03/03/99 13 Outflow TP mg/L 0.031 0.033 4.4
03/08/99 3 Outflow TP mg/L 0.026 0.03 10.1
03/15/99 8 Outflow TP mg/L 0.012 0.02 35.4
03/23/99 13 Outflow TP mg/L 0.061 0.043 24.5
03/29/99 13  1/3 TP mg/L 0.033 0.04 13.6
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Relative
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Analytical
Laboratory Date Cell Location Parameter units

Standard
Deviation (%)

Field
Duplicate

Field
Sample

Sampling Point

03/29/99 3  2/3 TP mg/L 0.023 0.028 13.9
04/03/99 8 Outflow TP mg/L 0.031 0.034 6.5
04/12/99 13 Outflow TP mg/L 0.035 0.038 5.8
04/27/99 13 Outflow TP mg/L 0.027 0.032 12.0
05/03/99 3 Outflow TP mg/L 0.0256 0.0266 2.7
05/10/99 13 Outflow TP mg/L 0.026 0.0202 17.8
05/20/99 8  2/3 TP mg/L 0.025 0.0204 14.3
05/25/99 3 Outflow TP mg/L 0.0269 0.0305 8.9
06/01/99 13 Outflow TP mg/L 0.0194 0.0194 0.0
06/09/99 8 Outflow TP mg/L 0.0242 0.0245 0.9
06/14/99 8 Outflow TP mg/L 0.0208 0.0208 0.0
06/21/99 3 Outflow TP mg/L 0.0199 0.0181 6.7
06/28/99 13 Outflow TP mg/L 0.0161 0.0143 8.4
07/06/99 13 Outflow TP mg/L 0.0122 0.0122 0.0
07/14/99 13 Inflow TP mg/L 0.0181 0.0199 6.7
07/19/99 13 Outflow TP mg/L 0.0138 0.0138 0.0
07/26/99 3 Outflow TP mg/L 0.0173 0.0173 0.0
08/09/99 3 Outflow TP mg/L 0.0197 0.0207 3.5
08/16/99 13 Inflow TP mg/L 0.0429 0.0328 18.9
08/25/99 8 Outflow TP mg/L 0.0167 0.0176 3.7
08/31/99 13 Outflow TP mg/L 0.0176 0.0176 0.0
09/07/99 3 Outflow TP mg/L 0.0193 0.0157 14.5
09/29/99 8  1/3 TP mg/L 0.0161 0.0173 5.1
09/29/99 13  1/3 TP mg/L 0.0231 0.0385 35.4
10/04/99 3 Outflow TP mg/L 0.0173 0.0164 3.8
10/11/99 8 Outflow TP mg/L 0.0169 0.0169 0.0
10/18/99 8 Outflow TP mg/L 0.0153 0.0145 3.8
10/25/99 3 Outflow TP mg/L 0.0153 0.0132 10.4
11/01/99 8 Outflow TP mg/L 0.0116 0.0125 5.3
11/08/99 13 Outflow TP mg/L 0.0111 0.0111 0.0
11/15/99 8 Outflow TP mg/L 0.0111 0.0121 6.1
11/22/99 8 Outflow TP mg/L 0.0107 0.0098 6.2
11/29/99 8 Outflow TP mg/L 0.0116 0.0107 5.7
12/06/99 3 Outflow TP mg/L 0.0144 0.0127 8.9
12/15/99 13 Outflow TP mg/L 0.0157 0.0148 4.2
12/20/99 3 Outflow TP mg/L 0.0152 0.0126 13.2
12/27/99 13  1/3 TP mg/L 0.0187 0.0312 35.4
01/04/00 13 Outflow TP mg/L 0.01 0.0136 21.6
01/10/00 3 Outflow TP mg/L 0.0156 0.0156 0.0
01/18/00 HC Outflow TP mg/L 0.015 0.0109 22.4
01/18/00 HC Outflow TP mg/L 0.0146 0.0109 20.5
01/24/00 HC Outflow TP mg/L 0.0191 0.0182 3.4
01/31/00 HC Outflow TP mg/L 0.0125 0.0125 0.0
02/07/00 8 Outflow TP mg/L 0.009 0.008 8.3
02/16/00 HC Outflow TP mg/L 0.016 0.016 0.0
02/22/00 HC Outflow TP mg/L 0.023 0.023 0.0
02/28/00 HC Outflow TP mg/L 0.017 0.021 14.9
03/06/00 HC Outflow TP mg/L 0.01658 0.0184 7.2
03/14/00 HC Outflow TP mg/L 0.01773 0.0177 0.0
03/20/00 HC Outflow TP mg/L 0.02068 0.0189 6.5
03/27/00 HC Outflow TP mg/L 0.01707 0.0234 22.1

Sediment TOXIKON 02/25/99 8  2/3 DENSIT g/cm3 1.86 1.94 3.0
02/25/99 8  2/3 DENSIT g/cm3 1.93 1.84 3.4
04/14/99 3  2/3 DENSIT g/cm3 1.89 1.89 0.0
05/20/99 3  1/3 DENSIT g/cm3 1.88 1.89 0.4
06/15/99 8  1/3 DENSIT g/cm3 1.99 2.03 1.4
07/12/99 8  2/3 DENSIT g/cm3 2.0 2.1 3.4
08/17/99 3  2/3 DENSIT g/cm3 1.77 1.66 4.5
11/30/99 3  1/3 DENSIT g/cm3 1.84 1.86 0.8
12/28/99 8  2/3 DENSIT g/cm3 1.9 1.9 0.0
01/25/00 3  2/3 DENSIT g/cm3 1.9 1.9 0.0
01/25/00 3  2/3 DENSIT g/cm3 1.9 1.9 0.0
02/22/00 8  1/3 DENSIT g/cm3 2.0 2.1 3.4
03/06/00 8  1/3 DENSIT g/cm3 2.0 1.9 3.6
02/25/99 8  2/3 SOLID % 78.1 72 5.7
02/25/99 8  2/3 SOLID % 69.3 66.6 2.8
04/14/99 3  2/3 SOLID % 71.6 69.9 1.7
05/20/99 3  1/3 SOLID % 69 73 4.0
06/15/99 8  1/3 SOLID % 80 80 0.0
07/12/99 8  2/3 SOLID % 80 77 2.7
08/17/99 3  2/3 SOLID % 70 66 4.2
11/30/99 3  1/3 SOLID % 78.4 77 1.3
11/30/99 3  1/3 SOLID % 79.8 77 2.5
12/28/99 8  2/3 SOLID % 61 75 14.6
01/25/00 3  2/3 SOLID % 76 70 5.8
01/25/00 3  2/3 SOLID % 76 70 5.8
02/22/00 8  1/3 SOLID % 71 77 5.7
03/06/00 8  1/3 SOLID % 72 76 3.8
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Exhibit G-1
Field Duplicate Data for the South ENR Test Cells, February 1999 to March 2000

Relative

Matrix
Analytical
Laboratory Date Cell Location Parameter units

Standard
Deviation (%)

Field
Duplicate

Field
Sample

Sampling Point

05/20/99 3  1/3 TKN mg/kg 47.4 38.2 15.2
09/30/99 13  1/3 TKN mg/kg 5100 170 132 a

12/28/99 8  2/3 TKN mg/kg 220 140 31.4
05/20/99 3  1/3 TOC mg/kg 3370 5430 33.1
09/30/99 13  1/3 TOC mg/kg 46000 2600 126 a

12/28/99 8  2/3 TOC mg/kg 6100 6900 8.7
06/15/99 8  1/3 VS % 3.13 9.1 69.0

IFAS 02/25/99 8  2/3 TIP mg/kg 951.59 852.93 7.7
02/25/99 8  2/3 TIP mg/kg 812.18 787.83 2.2
05/20/99 8  2/3 TIP mg/kg 872.82 761.34 9.6
06/15/99 8  1/3 TIP mg/kg 687.52 744.78 5.7
07/12/99 8  2/3 TIP mg/kg 661.09 665.02 0.4
09/30/99 8  1/3 TIP mg/kg 694.72 725.25 3.0
10/26/99 8  1/3 TIP mg/kg 572.74 591.61 2.3
11/30/99 3  1/3 TIP mg/kg 958 1046 6.2
12/28/99 8  2/3 TIP mg/kg 847.6 889.2 3.4
01/25/00 3  2/3 TIP mg/kg 975.4 961.5 1.0
02/22/00 8  1/3 TIP mg/kg 747.9 654 9.5
02/25/99 8  2/3 TP mg/kg 935.37 882.5 4.1
02/25/99 8  2/3 TP mg/kg 827.89 783.43 3.9
04/14/99 3  2/3 TP mg/kg 792.82 810.22 1.5
05/20/99 8  2/3 TP mg/kg 923.58 832.17 7.4
06/15/99 8  1/3 TP mg/kg 783.22 827 3.8
07/12/99 8  2/3 TP mg/kg 766.88 775.4 0.8
09/30/99 8  1/3 TP mg/kg 704.47 789.21 8.0
10/26/99 8  1/3 TP mg/kg 675.29 699.21 2.5
11/30/99 3  1/3 TP mg/kg 969.5 1102.6 9.1
12/28/99 8  2/3 TP mg/kg 899.3 836.7 5.1
01/25/00 3  2/3 TP mg/kg 947.6 982.3 2.5
02/22/00 8  1/3 TP mg/kg 674.2 657.7 1.8

Periphyton Mote Marine 02/24/99 3  2/3 ASH WT mg/L 361.7 374.8 2.5
02/24/99 3  2/3 ASH WT mg/L 361.7 444.7 14.6
02/24/99 3  2/3 ASH-FREE DRY mg/L 64.9 69.8 5.1
02/24/99 3  2/3 ASH-FREE DRY mg/L 64.9 69.8 5.1
02/24/99 3  2/3 ASH-FREE DRY mg/L 64.9 58.6 7.2
02/24/99 3  2/3 ASH-FREE DRY mg/L 64.9 58.6 7.2
02/24/99 3  2/3 DRY WT mg/L 426.6 444.6 2.9
02/24/99 3  2/3 DRY WT mg/L 426.6 503.3 11.7

PPB 04/14/99 3  2/3 ASH WT mg/L 736 753 1.6
05/24/99 8  1/3 ASH WT mg/L 2010 2110 3.4
06/15/99 8  1/3 ASH WT mg/L 856 837 1.6
07/12/99 8  1/3 ASH WT mg/L 421 604 25.2
08/31/99 3  1/3 ASH WT mg/L 512 512 0.0
09/30/99 13  2/3 ASH WT mg/L 1460 1450 0.5
10/25/99 8  2/3 ASH WT mg/L 720 732 1.2
11/29/99 13  1/3 ASH WT mg/L 696 716 2.0
12/28/99 8  2/3 ASH WT mg/L 2510 6570 63 a

04/14/99 3  2/3 ASH-FREE DRY mg/L 199 187 4.4
05/24/99 8  1/3 ASH-FREE DRY mg/L 510 550 5.3
06/15/99 8  1/3 ASH-FREE DRY mg/L 244 233 3.3
07/12/99 8  1/3 ASH-FREE DRY mg/L 156 217 23.1
08/31/99 3  1/3 ASH-FREE DRY mg/L 125 133 4.4
09/30/99 13  2/3 ASH-FREE DRY mg/L 640 590 5.7
10/25/99 8  2/3 ASH-FREE DRY mg/L 278 348 15.8
11/29/99 13  1/3 ASH-FREE DRY mg/L 304 294 2.4
12/28/99 8  2/3 ASH-FREE DRY mg/L 660 1420 51.7
04/14/99 3  2/3 CHL_A ug/L 8.2 7.8 3.5
05/24/99 8  1/3 CHL_A ug/L 75.8 153 47.7
06/15/99 8  1/3 CHL_A ug/L 47.3 37.4 16.5
07/12/99 8  1/3 CHL_A ug/L 35.7 43.5 13.9
08/31/99 3  1/3 CHL_A ug/L 35.1 31.4 7.9
09/30/99 13  2/3 CHL_A ug/L 981 624 31.5
10/25/99 8  2/3 CHL_A ug/L 30.1 21.8 22.6
11/29/99 13  1/3 CHL_A ug/L 189 198 3.3
12/28/99 8  2/3 CHL_A ug/L 1300 2840 52.6
04/14/99 3  2/3 CHL_A corr ug/L 4 5.3 19.8
05/24/99 8  1/3 CHL_A corr ug/L 65.5 87.7 20.5
06/15/99 8  1/3 CHL_A corr ug/L 28.9 27.1 4.5
07/12/99 8  1/3 CHL_A corr ug/L 29.5 31.3 4.2
08/31/99 3  1/3 CHL_A corr ug/L 33.1 27.3 13.6
09/30/99 13  2/3 CHL_A corr ug/L 538 405 19.9
10/25/99 8  2/3 CHL_A corr ug/L 15.8 14.4 6.6
11/29/99 13  1/3 CHL_A corr ug/L 155 158 1.4
12/28/99 8  2/3 CHL_A corr ug/L 1140 2560 54.3
05/24/99 8  1/3 CHL_A Mono ug/L 48.1 42.7 8.4
04/14/99 3  2/3 CHL_B ug/L 3.6 1.7 50.7
05/24/99 8  1/3 CHL_B ug/L 6.8 37.4 97.9
06/15/99 8  1/3 CHL_B ug/L 7.9 1.7 91.3
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Exhibit G-1
Field Duplicate Data for the South ENR Test Cells, February 1999 to March 2000

Relative

Matrix
Analytical
Laboratory Date Cell Location Parameter units

Standard
Deviation (%)

Field
Duplicate

Field
Sample

Sampling Point

07/12/99 8  1/3 CHL_B ug/L 1.6 7.9 93.8
08/31/99 3  1/3 CHL_B ug/L < 1 1 0.0
09/30/99 13  2/3 CHL_B ug/L 257 135 44.0
10/25/99 8  2/3 CHL_B ug/L 7 2.2 73.8
11/29/99 13  1/3 CHL_B ug/L 41.3 28.5 25.9
12/28/99 8  2/3 CHL_B ug/L 110 480 88.7
04/14/99 3  2/3 CHL_C ug/L 3 3.9 18.4
05/24/99 8  1/3 CHL_C ug/L 9.4 61.1 104
06/15/99 8  1/3 CHL_C ug/L 16 9.5 36.0
07/12/99 8  1/3 CHL_C ug/L < 1 5.8 99.8
08/31/99 3  1/3 CHL_C ug/L 3.8 2.9 19.0
09/30/99 13  2/3 CHL_C ug/L 419 211 46.7
10/25/99 8  2/3 CHL_C ug/L 10.2 3 77.1
11/29/99 13  1/3 CHL_C ug/L 69.9 58.1 13.0
12/28/99 8  2/3 CHL_C ug/L 196 241 14.6
04/14/99 3  2/3 DRY WT mg/L 935 940 0.4
05/24/99 8  1/3 DRY WT mg/L 2520 2660 3.8
06/15/99 8  1/3 DRY WT mg/L 1100 1070 2.0
07/12/99 8  1/3 DRY WT mg/L 577 821 24.7
08/31/99 3  1/3 DRY WT mg/L 637 645 0.9
09/30/99 13  2/3 DRY WT mg/L 2100 2040 2.0
10/25/99 8  2/3 DRY WT mg/L 998 1080 5.6
11/29/99 13  1/3 DRY WT mg/L 1000 1010 0.7
12/28/99 8  2/3 DRY WT mg/L 3170 7990 61.1
04/14/99 3  2/3 PHEO_A ug/L 7.2 4 40.4
05/24/99 8  1/3 PHEO_A ug/L 26.7 76.9 68.5
06/15/99 8  1/3 PHEO_A ug/L 3.2 8.5 64.1
07/12/99 8  1/3 PHEO_A ug/L 3.2 < 1 74.1
08/31/99 3  1/3 PHEO_A ug/L 4.3 4 5.1
09/30/99 13  2/3 PHEO_A ug/L 105 49.8 50.4
10/25/99 8  2/3 PHEO_A ug/L 5.1 4 17.1
11/29/99 13  1/3 PHEO_A ug/L 62.2 7.5 111.0
12/28/99 8  2/3 PHEO_A ug/L 1830 493 81.4

TOXIKON 04/14/99 3  2/3 CA mg/L 83.7 189 54.6
05/24/99 8  1/3 CA mg/L 487 529 5.8
06/15/99 8  1/3 CA mg/L 190 180 3.8
07/12/99 8  1/3 CA mg/L 149 145 1.9
08/17/99 8  2/3 CA mg/L 158 189 12.6
08/31/99 3  1/3 CA mg/L 56 56 0.0
09/30/99 13  2/3 CA mg/L 270 300 7.4
10/25/99 8  2/3 CA mg/L 67 68 1.0
11/29/99 13  1/3 CA mg/L 160 140 9.4
12/28/99 8  2/3 CA mg/L 600 1700 67 a

01/24/00 8  1/3 CA mg/L 270 320 12.0
05/24/99 8  1/3 TKN mg/L 3.89 4.45 9.5
09/30/99 13  2/3 TKN mg/L 20 15 20.2
12/28/99 8  2/3 TKN mg/L 31 55 39.5

IFAS 05/24/99 8  1/3 TIP mg/L 1.0659 1.3037 14.2
06/15/99 8  1/3 TIP mg/L 0.3676 0.3775 1.9
07/12/99 8  1/3 TIP mg/L 0.2438 0.2461 0.7
08/31/99 3  1/3 TIP mg/L 0.0214 0.0241 8.4
09/30/99 13  2/3 TIP mg/L 0.3235 0.0786 86.1
10/25/99 8  2/3 TIP mg/L 0.0156 0.018 10.1
11/29/99 13  1/3 TIP mg/L 0.022 0.023 3.1
12/28/99 8  2/3 TIP mg/L 1.307 2.696 49.1
01/24/00 8  1/3 TIP mg/L 0.189 0.255 21.0
03/06/00 8  2/3 TIP mg/kg 1.271 789.4 141
03/06/00 8  2/3 TIP mg/L 1.271 0.94 21.2
05/24/99 8  1/3 TP mg/L 1.9074 2.4777 18.4
06/15/99 8  1/3 TP mg/L 0.775 0.7037 6.8
07/12/99 8  1/3 TP mg/L 0.4776 0.43 7.4
08/31/99 3  1/3 TP mg/L 0.0501 0.0501 0.0
09/30/99 13  2/3 TP mg/L 0.8393 0.3481 58.5
10/25/99 8  2/3 TP mg/L 0.07 0.07 0.0
11/29/99 13  1/3 TP mg/L 0.261 0.357 22.0
12/28/99 8  2/3 TP mg/L 5.744 12.087 50.3
01/24/00 8  1/3 TP mg/L 0.80 1.551 45.2
03/06/00 8  2/3 TP mg/kg 4.956 772 140
03/06/00 8  2/3 TP mg/L 4.956 2.684 42.1
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Exhibit G-2
Field Duplicate Data for the Porta-PSTAs, April 1999 to March 2000

Matrix
Analytical
Laboratory Date Cell Location Parameter Units

Relative
Standard

Deviation (%)
Water PPB 12/13/1999 10 Outflow N_TOT mg/L 2.28 2.06 7.2

12/13/1999 19 stn 1/2 N_TOT mg/L 1.88 2.04 5.8
12/14/1999 23 Outflow N_TOT mg/L 1.89 1.81 3.1
12/15/1999 11 Outflow N_TOT mg/L 1.06 1.78 35.9
12/15/1999 9 stn 1/2 N_TOT mg/L 1.69 1.82 5.2
01/17/2000 22 Outflow N_TOT mg/L 1.71 1.68 1.3
01/18/2000 23 Outflow N_TOT mg/L 1.73 1.72 0.4
01/19/2000 24 Outflow N_TOT mg/L 1.64 1.62 0.9
02/14/2000 HC Outflow N_TOT mg/L 1.34 1.28 3.2
02/15/2000 HC Outflow N_TOT mg/L 1.34 1.28 3.2
02/16/2000 24 Outflow N_TOT mg/L 1.3 1.57 13.3
02/16/2000 24 Outflow N_TOT mg/L 1.3 1.57 13.3
03/13/2000 19 stn 1/2 N_TOT mg/L 1.62 1.79 7.1
03/15/2000 9b stn 1/3 N_TOT mg/L 2.48 2.48 0.0
03/15/2000 12 stn 1/2 N_TOT mg/L 1.96 1.92 1.5
12/13/1999 19 stn 1/2 NH3 mg/L 0.066 0.047 23.8
12/13/1999 10 Outflow NH3 mg/L 0.03 0.033 6.7
12/14/1999 23 Outflow NH3 mg/L 0.033 0.04 13.6
12/15/1999 11 Outflow NH3 mg/L 0.038 0.034 7.9
12/15/1999 9 stn 1/2 NH3 mg/L 0.044 0.047 4.7
02/14/2000 HC Outflow NH3 mg/L 0.031 0.028 7.2
02/15/2000 HC Outflow NH3 mg/L 0.031 0.028 7.2
12/13/1999 19 stn 1/2 NO2NO3 mg/L 0.01 < 0.004 60.6
12/13/1999 10 Outflow NO2NO3 mg/L < 0.004 < 0.004 0.0
12/14/1999 23 Outflow NO2NO3 mg/L < 0.004 < 0.004 0.0
12/15/1999 11 Outflow NO2NO3 mg/L < 0.004 < 0.004 0.0
12/15/1999 9 stn 1/2 NO2NO3 mg/L < 0.004 < 0.004 0.0
01/17/2000 22 Outflow NO2NO3 mg/L < 0.004 < 0.004 0.0
01/18/2000 23 Outflow NO2NO3 mg/L < 0.004 < 0.004 0.0
01/19/2000 24 Outflow NO2NO3 mg/L < 0.004 < 0.004 0.0
02/14/2000 HC Outflow NO2NO3 mg/L 0.048 0.056 10.9
02/15/2000 HC Outflow NO2NO3 mg/L 0.048 0.056 10.9
02/16/2000 24 Outflow NO2NO3 mg/L < 0.004 < 0.004 0.0
02/16/2000 24 Outflow NO2NO3 mg/L < 0.004 < 0.004 0.0
03/13/2000 19 stn 1/2 NO2NO3 mg/L 0.009 0.004 54.4
03/15/2000 12 stn 1/2 NO2NO3 mg/L < 0.004 < 0.004 0.0
03/15/2000 9b stn 1/3 NO2NO3 mg/L < 0.004 < 0.004 0.0
12/13/1999 10 Outflow TKN mg/L 2.28 2.06 7.2
12/13/1999 19 stn 1/2 TKN mg/L 1.87 2.04 6.1
12/14/1999 23 Outflow TKN mg/L 1.89 1.81 3.1
12/15/1999 11 Outflow TKN mg/L 1.06 1.78 35.9
12/15/1999 9 stn 1/2 TKN mg/L 1.69 1.82 5.2
01/17/2000 22 Outflow TKN mg/L 1.71 1.68 1.3
01/18/2000 23 Outflow TKN mg/L 1.73 1.72 0.4
01/19/2000 24 Outflow TKN mg/L 1.64 1.62 0.9
02/14/2000 HC Outflow TKN mg/L 1.29 1.22 3.9
02/15/2000 HC Outflow TKN mg/L 1.29 1.22 3.9
02/16/2000 24 Outflow TKN mg/L 1.3 1.57 13.3
02/16/2000 24 Outflow TKN mg/L 1.3 1.57 13.3
03/13/2000 19 stn 1/2 TKN mg/L 1.61 1.79 7.5
03/15/2000 12 stn 1/2 TKN mg/L 1.96 1.92 1.5
03/15/2000 9b stn 1/3 TKN mg/L 2.48 2.48 0.0
12/13/1999 10 Outflow TOC mg/L 29.6 34.8 11.4
12/13/1999 19 stn 1/2 TOC mg/L 30.9 30.1 1.9
12/14/1999 23 Outflow TOC mg/L 30.2 29.3 2.1
12/15/1999 11 Outflow TOC mg/L 29.3 30 1.7
12/15/1999 9 stn 1/2 TOC mg/L 31 33 4.4
01/17/2000 22 Outflow TOC mg/L 29 30 2.4
01/18/2000 23 Outflow TOC mg/L 29 29 0.0
01/19/2000 24 Outflow TOC mg/L 47 45 3.1
02/14/2000 HC Outflow TOC mg/L 25 25 0.0
02/15/2000 HC Outflow TOC mg/L 25 25 0.0
02/16/2000 24 Outflow TOC mg/L 30.3 31.2 2.1
02/16/2000 24 Outflow TOC mg/L 30.3 31.2 2.1
03/13/2000 19 stn 1/2 TOC mg/L 27.8 26.6 3.1
03/15/2000 12 stn 1/2 TOC mg/L 31 35.1 8.8
03/15/2000 9b stn 1/3 TOC mg/L 37.8 39.3 2.8

TOXIKON 04/26/1999 16 Outflow ALKAL mg/L 197 196 0.4
04/26/1999 10 Outflow ALKAL mg/L 162 164 0.9
04/26/1999 8 Outflow ALKAL mg/L 172 172 0.0
04/27/1999 23 Outflow ALKAL mg/L 181 196 5.6
05/17/1999 13 stn 1/2 ALKAL mg/L 124 124 0.0
05/17/1999 7 stn 1/2 ALKAL mg/L 129 132 1.6
05/17/1999 10 Outflow ALKAL mg/L 117 117 0.0
05/17/1999 5 stn 1/2 ALKAL mg/L 114 135 11.9
05/17/1999 2 Outflow ALKAL mg/L 146 146 0.0
05/19/1999 20 stn 1/2 ALKAL mg/L 144 158 6.6
05/19/1999 16 Outflow ALKAL mg/L 160 156 1.8
05/19/1999 24 stn 1/2 ALKAL mg/L 169 171 0.8
06/23/1999 24 Outflow ALKAL mg/L 169 168 0.4

Field 
Duplicate

Field
Sample
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Exhibit G-2
Field Duplicate Data for the Porta-PSTAs, April 1999 to March 2000

Matrix
Analytical
Laboratory Date Cell Location Parameter Units

Relative
Standard

Deviation (%)
Field 

Duplicate
Field

Sample
06/23/1999 12 Outflow ALKAL mg/L 170 161 3.8
07/19/1999 24 Outflow ALKAL mg/L 220 218 0.6
07/20/1999 15 Outflow ALKAL mg/L 159 < 1 139.7 a

08/24/1999 22 Outflow ALKAL mg/L 186 189 1.1
08/25/1999 24 Outflow ALKAL mg/L 202 198 1.4
09/20/1999 1 Inflow ALKAL mg/L 290 274 4.0
09/20/1999 10 Outflow ALKAL mg/L 176 174 0.8
09/27/1999 23 stn 1/2 ALKAL mg/L 188 184 1.5
09/27/1999 HC Outflow ALKAL mg/L 280 276 1.0
09/27/1999 23 Outflow ALKAL mg/L 190 192 0.7
09/27/1999 7 Inflow ALKAL mg/L 280 278 0.5
09/27/1999 24 Outflow ALKAL mg/L 248 252 1.1
10/18/1999 15 Outflow ALKAL mg/L 132 152 10.0
10/18/1999 19 Outflow ALKAL mg/L 132 132 0.0
10/20/1999 24 Outflow ALKAL mg/L 205 206 0.3
11/15/1999 10 Outflow ALKAL mg/L 268 198 21.2
11/17/1999 24 Outflow ALKAL mg/L 233 235 0.6
12/13/1999 19 stn 1/2 ALKAL mg/L 213 213 0.0
12/13/1999 10 Outflow ALKAL mg/L 212 215 1.0
12/14/1999 23 Outflow ALKAL mg/L 215 211 1.3
12/15/1999 11 Outflow ALKAL mg/L 229 240 3.3
12/15/1999 9 stn 1/2 ALKAL mg/L 232 233 0.3
01/17/2000 22 Outflow ALKAL mg/L 210 210 0.0
01/18/2000 23 Outflow ALKAL mg/L 190 190 0.0
01/19/2000 24 Outflow ALKAL mg/L 210 220 3.3
02/14/2000 HC Outflow ALKAL mg/L 190 190 0.0
02/16/2000 24 Outflow ALKAL mg/L 200 200 0.0
03/13/2000 19 stn 1/2 ALKAL mg/L 180 170 4.0
03/14/2000 HC Outflow ALKAL mg/L 180 170 4.0
03/15/2000 9b stn 1/3 ALKAL mg/L 170 170 0.0
03/15/2000 12 stn 1/2 ALKAL mg/L 200 200 0.0
04/26/1999 10 Outflow CA mg/L 35.3 34.1 2.4
04/26/1999 16 Outflow CA mg/L 44.6 45.4 1.3
04/26/1999 8 Outflow CA mg/L 34.4 31.5 6.2
04/27/1999 23 Outflow CA mg/L 42 46.6 7.3
05/17/1999 10 Outflow CA mg/L 28.4 27.5 2.3
05/17/1999 13 stn 1/2 CA mg/L 28.7 26.9 4.6
05/17/1999 7 stn 1/2 CA mg/L 30 27.7 5.6
05/17/1999 5 stn 1/2 CA mg/L 28 25.8 5.8
05/17/1999 2 Outflow CA mg/L 37.8 35.5 4.4
05/19/1999 20 stn 1/2 CA mg/L 30.1 29.3 1.9
05/19/1999 16 Outflow CA mg/L 39.9 39 1.6
05/19/1999 24 stn 1/2 CA mg/L 37.8 36.9 1.7
06/23/1999 12 Outflow CA mg/L 47 46.3 1.1
06/23/1999 24 Outflow CA mg/L 46.6 47.3 1.1
07/19/1999 24 Outflow CA mg/L 58 68 11.2
07/20/1999 15 Outflow CA mg/L 37.4 39.2 3.3
08/24/1999 22 Outflow CA mg/L 45.9 47.1 1.8
08/25/1999 24 Outflow CA mg/L 53.4 52.5 1.2
09/20/1999 1 Inflow CA mg/L 84.6 72.8 10.6
09/20/1999 10 Outflow CA mg/L 42.2 40.2 3.4
09/27/1999 23 stn 1/2 CA mg/L 53.6 49.9 5.1
09/27/1999 23 Outflow CA mg/L 52.8 49.5 4.6
09/27/1999 HC Outflow CA mg/L 83.9 73.7 9.2
09/27/1999 7 Inflow CA mg/L 77.8 77.9 0.1
09/27/1999 24 Outflow CA mg/L 68.7 68.6 0.1
10/18/1999 19 Outflow CA mg/L 32 33 2.2
10/18/1999 15 Outflow CA mg/L 36 39 5.7
10/20/1999 24 Outflow CA mg/L 53 55 2.6
11/15/1999 10 Outflow CA mg/L 57 57 0.0
11/17/1999 24 Outflow CA mg/L 75 75 0.0
12/13/1999 19 stn 1/2 CA mg/L 55 58 3.8
12/13/1999 10 Outflow CA mg/L 60 59 1.2
12/14/1999 23 Outflow CA mg/L 63.5 64.5 1.1
12/15/1999 11 Outflow CA mg/L 63.2 63.1 0.1
12/15/1999 9 stn 1/2 CA mg/L 64.5 58.4 7.0
01/17/2000 22 Outflow CA mg/L 55 56 1.3
01/18/2000 23 Outflow CA mg/L 50 46 5.9
01/19/2000 24 Outflow CA mg/L 58 58 0.0
02/14/2000 HC Outflow CA mg/L 56 58 2.5
02/16/2000 24 Outflow CA mg/L 57 56 1.3
03/13/2000 19 stn 1/2 CA mg/L 47 45 3.1
03/14/2000 HC Outflow CA mg/L 48 47 1.5
03/15/2000 9b stn 1/3 CA mg/L 38 40 3.6
03/15/2000 12 stn 1/2 CA mg/L 56 53 3.9
04/26/1999 10 Outflow N_TOT mg/L 0.713 1.37 44.6
04/26/1999 16 Outflow N_TOT mg/L 0.957 1.19 15.3
04/26/1999 8 Outflow N_TOT mg/L 1.12 1.4 15.7
04/27/1999 23 Outflow N_TOT mg/L 1.38 1.81 19.1
05/17/1999 10 Outflow N_TOT mg/L 1.96 1.68 10.9
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Exhibit G-2
Field Duplicate Data for the Porta-PSTAs, April 1999 to March 2000

Matrix
Analytical
Laboratory Date Cell Location Parameter Units

Relative
Standard

Deviation (%)
Field 

Duplicate
Field

Sample
05/17/1999 5 stn 1/2 N_TOT mg/L 1.28 0.94 21.7
05/17/1999 7 stn 1/2 N_TOT mg/L 1.12 1.18 3.7
05/17/1999 13 stn 1/2 N_TOT mg/L 0.953 0.94 1.0
05/17/1999 2 Outflow N_TOT mg/L 0.802 0.67 12.7
05/19/1999 16 Outflow N_TOT mg/L 0.867 0.673 17.8
05/19/1999 24 stn 1/2 N_TOT mg/L 0.83 0.885 4.5
05/19/1999 20 stn 1/2 N_TOT mg/L 0.876 0.867 0.7
06/23/1999 12 Outflow N_TOT mg/L 0.45 0.832 42.1
06/23/1999 24 Outflow N_TOT mg/L 0.804 0.695 10.3
07/19/1999 24 Outflow N_TOT mg/L 0.5 0.47 4.4
07/20/1999 15 Outflow N_TOT mg/L 0.464 0.437 4.2
08/24/1999 22 Outflow N_TOT mg/L 1.38 1.44 3.0
08/25/1999 24 Outflow N_TOT mg/L 1.15 1.38 12.9
09/20/1999 1 Inflow N_TOT mg/L 1.3 1.16 8.0
09/20/1999 10 Outflow N_TOT mg/L 1.54 1.19 18.1
09/27/1999 7 Inflow N_TOT mg/L 1.48 1.75 11.8
09/27/1999 23 stn 1/2 N_TOT mg/L 1.86 1.67 7.6
09/27/1999 23 Outflow N_TOT mg/L 1.96 1.8 6.0
09/27/1999 HC Outflow N_TOT mg/L 2.21 2.03 6.0
09/27/1999 24 Outflow N_TOT mg/L 1.56 1.52 1.8
10/18/1999 15 Outflow N_TOT mg/L 0.74 1.2 33.5
10/18/1999 19 Outflow N_TOT mg/L 0.32 0.74 56.0
10/20/1999 24 Outflow N_TOT mg/L 0.69 1.2 38.2
11/15/1999 10 Outflow N_TOT mg/L 1.3 1.2 5.7
11/17/1999 24 Outflow N_TOT mg/L 1.6 < 0.05 132.8 a

04/26/1999 10 Outflow NH3 mg/L < 0.04 < 0.04 0.0
04/26/1999 16 Outflow NH3 mg/L < 0.04 < 0.04 0.0
04/26/1999 8 Outflow NH3 mg/L 0.04 < 0.04 0.0
04/27/1999 23 Outflow NH3 mg/L < 0.04 < 0.04 0.0
05/17/1999 13 stn 1/2 NH3 mg/L < 0.04 < 0.04 0.0
05/17/1999 7 stn 1/2 NH3 mg/L < 0.04 < 0.04 0.0
05/17/1999 10 Outflow NH3 mg/L < 0.04 < 0.04 0.0
05/17/1999 5 stn 1/2 NH3 mg/L < 0.04 < 0.04 0.0
05/17/1999 2 Outflow NH3 mg/L < 0.04 < 0.04 0.0
05/19/1999 20 stn 1/2 NH3 mg/L < 0.04 < 0.04 0.0
05/19/1999 16 Outflow NH3 mg/L < 0.04 < 0.04 0.0
05/19/1999 24 stn 1/2 NH3 mg/L < 0.04 < 0.04 0.0
06/23/1999 12 Outflow NH3 mg/L < 0.04 < 0.04 0.0
06/23/1999 24 Outflow NH3 mg/L < 0.04 < 0.04 0.0
07/19/1999 24 Outflow NH3 mg/L < 0.04 < 0.04 0.0
07/20/1999 15 Outflow NH3 mg/L < 0.04 < 0.04 0.0
08/24/1999 22 Outflow NH3 mg/L 0.049 0.057 10.7
08/25/1999 24 Outflow NH3 mg/L < 0.04 < 0.04 0.0
09/20/1999 1 Inflow NH3 mg/L < 0.04 < 0.04 0.0
09/20/1999 10 Outflow NH3 mg/L < 0.04 < 0.04 0.0
09/27/1999 23 stn 1/2 NH3 mg/L < 0.04 < 0.04 0.0
09/27/1999 HC Outflow NH3 mg/L < 0.04 0.16 84 a

09/27/1999 23 Outflow NH3 mg/L < 0.04 < 0.04 0.0
09/27/1999 7 Inflow NH3 mg/L < 0.04 < 0.04 0.0
09/27/1999 24 Outflow NH3 mg/L < 0.04 < 0.04 0.0
10/18/1999 15 Outflow NH3 mg/L < 0.04 < 0.04 0.0
10/18/1999 19 Outflow NH3 mg/L < 0.04 < 0.04 0.0
10/20/1999 24 Outflow NH3 mg/L < 0.04 < 0.04 0.0
11/15/1999 10 Outflow NH3 mg/L < 0.04 < 0.04 0.0
11/17/1999 24 Outflow NH3 mg/L < 0.04 < 0.04 0.0
04/26/1999 10 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
04/26/1999 16 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
04/26/1999 8 Outflow NO2NO3 mg/L 0.05 < 0.05 0.0
04/27/1999 23 Outflow NO2NO3 mg/L < 0.05 0.543 117.6 a

05/17/1999 7 stn 1/2 NO2NO3 mg/L < 0.05 < 0.05 0.0
05/17/1999 5 stn 1/2 NO2NO3 mg/L 0.076 < 0.05 29.2
05/17/1999 10 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
05/17/1999 13 stn 1/2 NO2NO3 mg/L < 0.05 < 0.05 0.0
05/17/1999 2 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
05/19/1999 16 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
05/19/1999 20 stn 1/2 NO2NO3 mg/L < 0.05 < 0.05 0.0
05/19/1999 24 stn 1/2 NO2NO3 mg/L < 0.05 < 0.05 0.0
06/23/1999 12 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
06/23/1999 24 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
07/19/1999 24 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
07/20/1999 15 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
08/24/1999 22 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
08/25/1999 24 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
09/20/1999 1 Inflow NO2NO3 mg/L 0.056 < 0.05 8.0
09/20/1999 10 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
09/27/1999 23 stn 1/2 NO2NO3 mg/L < 0.05 < 0.05 0.0
09/27/1999 23 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
09/27/1999 7 Inflow NO2NO3 mg/L < 0.05 < 0.05 0.0
09/27/1999 24 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
09/27/1999 HC Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
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Exhibit G-2
Field Duplicate Data for the Porta-PSTAs, April 1999 to March 2000

Matrix
Analytical
Laboratory Date Cell Location Parameter Units

Relative
Standard

Deviation (%)
Field 

Duplicate
Field

Sample
10/18/1999 15 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
10/18/1999 19 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
10/20/1999 24 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
11/15/1999 10 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
11/17/1999 24 Outflow NO2NO3 mg/L < 0.05 < 0.05 0.0
04/26/1999 10 Outflow TKN mg/L 0.713 1.37 44.6
04/26/1999 16 Outflow TKN mg/L 0.957 1.19 15.3
04/26/1999 8 Outflow TKN mg/L 1.12 1.4 15.7
04/27/1999 23 Outflow TKN mg/L 1.38 1.27 5.9
05/17/1999 13 stn 1/2 TKN mg/L 0.953 0.94 1.0
05/17/1999 5 stn 1/2 TKN mg/L 1.2 0.94 17.2
05/17/1999 10 Outflow TKN mg/L 1.96 1.68 10.9
05/17/1999 7 stn 1/2 TKN mg/L 1.12 1.18 3.7
05/17/1999 2 Outflow TKN mg/L 0.802 0.67 12.7
05/19/1999 16 Outflow TKN mg/L 0.867 0.673 17.8
05/19/1999 20 stn 1/2 TKN mg/L 0.876 0.867 0.7
05/19/1999 24 stn 1/2 TKN mg/L 0.83 0.885 4.5
06/23/1999 24 Outflow TKN mg/L 0.804 0.695 10.3
06/23/1999 12 Outflow TKN mg/L 0.45 0.832 42.1
07/19/1999 24 Outflow TKN mg/L 0.5 0.47 4.4
07/20/1999 15 Outflow TKN mg/L 0.464 0.437 4.2
08/24/1999 22 Outflow TKN mg/L 1.38 1.44 3.0
08/25/1999 24 Outflow TKN mg/L 1.15 1.38 12.9
09/20/1999 1 Inflow TKN mg/L 1.24 1.16 4.7
09/20/1999 10 Outflow TKN mg/L 1.54 1.19 18.1
09/27/1999 23 stn 1/2 TKN mg/L 1.86 1.67 7.6
09/27/1999 23 Outflow TKN mg/L 1.96 1.8 6.0
09/27/1999 HC Outflow TKN mg/L 2.21 2.03 6.0
09/27/1999 7 Inflow TKN mg/L 1.48 1.75 11.8
09/27/1999 24 Outflow TKN mg/L 1.56 1.52 1.8
10/18/1999 15 Outflow TKN mg/L 0.74 1.2 33.5
10/18/1999 19 Outflow TKN mg/L 0.32 0.74 56.0
10/20/1999 24 Outflow TKN mg/L 0.69 1.2 38.2
11/15/1999 10 Outflow TKN mg/L 1.3 1.2 5.7
11/17/1999 24 Outflow TKN mg/L 1.6 < 0.1 124.8 a

04/26/1999 10 Outflow TOC mg/L 32.6 31.9 1.5
04/26/1999 16 Outflow TOC mg/L 27.7 28.8 2.8
04/26/1999 8 Outflow TOC mg/L 36.2 36.2 0.0
04/27/1999 23 Outflow TOC mg/L 28.8 29.5 1.7
05/17/1999 10 Outflow TOC mg/L 30.3 28.8 3.6
05/17/1999 5 stn 1/2 TOC mg/L 29.1 28.3 2.0
05/17/1999 7 stn 1/2 TOC mg/L 28.4 27.9 1.3
05/17/1999 13 stn 1/2 TOC mg/L 27 25.7 3.5
05/17/1999 2 Outflow TOC mg/L 22.6 22.9 0.9
05/19/1999 16 Outflow TOC mg/L 25.4 22.9 7.3
05/19/1999 24 stn 1/2 TOC mg/L 23 22.8 0.6
05/19/1999 20 stn 1/2 TOC mg/L 24.7 24.6 0.3
06/23/1999 12 Outflow TOC mg/L 20 19.3 2.5
06/23/1999 24 Outflow TOC mg/L 18.6 18.7 0.4
07/19/1999 24 Outflow TOC mg/L 31.5 31 1.1
07/20/1999 15 Outflow TOC mg/L 30.5 25 14.0
08/24/1999 22 Outflow TOC mg/L 32 31.2 1.8
08/25/1999 24 Outflow TOC mg/L 29.5 29.7 0.5
09/20/1999 10 Outflow TOC mg/L 35.4 37.2 3.5
09/20/1999 1 Inflow TOC mg/L 37.6 43 9.5
09/27/1999 7 Inflow TOC mg/L 40.2 40.2 0.0
09/27/1999 23 stn 1/2 TOC mg/L 36.1 36.6 1.0
09/27/1999 23 Outflow TOC mg/L 36.4 37 1.2
09/27/1999 24 Outflow TOC mg/L 37.2 36 2.3
09/27/1999 HC Outflow TOC mg/L 39.5 38.9 1.1
10/18/1999 19 Outflow TOC mg/L 26 26 0.0
10/18/1999 15 Outflow TOC mg/L 31 32 2.2
10/20/1999 24 Outflow TOC mg/L 32 32 0.0
11/15/1999 10 Outflow TOC mg/L 37 34 6.0
11/17/1999 24 Outflow TOC mg/L 36 36 0.0
04/26/1999 10 Outflow TSS mg/L < 4 4 0.0
04/26/1999 16 Outflow TSS mg/L < 4 4 0.0
04/27/1999 23 Outflow TSS mg/L 20 22 6.7
05/17/1999 10 Outflow TSS mg/L < 4 < 4 0.0
05/17/1999 5 stn 1/2 TSS mg/L < 4 < 4 0.0
05/17/1999 7 stn 1/2 TSS mg/L < 4 < 4 0.0
05/17/1999 13 stn 1/2 TSS mg/L < 4 < 4 0.0
05/17/1999 2 Outflow TSS mg/L < 4 < 4 0.0
05/19/1999 16 Outflow TSS mg/L 14 8 38.6
05/19/1999 24 stn 1/2 TSS mg/L 6 16 64.3
05/19/1999 20 stn 1/2 TSS mg/L 4 7 38.6
06/23/1999 12 Outflow TSS mg/L < 4 < 4 0.0
06/23/1999 24 Outflow TSS mg/L < 4 8 47.1
07/19/1999 24 Outflow TSS mg/L 4 < 4 0.0
07/20/1999 15 Outflow TSS mg/L < 4 < 4 0.0
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Laboratory Date Cell Location Parameter Units
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08/24/1999 22 Outflow TSS mg/L 2 2 0.0
08/25/1999 24 Outflow TSS mg/L 2.4 3 15.7
09/20/1999 10 Outflow TSS mg/L 4 4 0.0
09/20/1999 1 Inflow TSS mg/L 3.75 1.75 51.4
09/27/1999 23 stn 1/2 TSS mg/L 2.75 2 22.3
09/27/1999 7 Inflow TSS mg/L 3 2.25 20.2
09/27/1999 HC Outflow TSS mg/L 3.25 3.75 10.1
09/27/1999 24 Outflow TSS mg/L 1.5 1.75 10.9
09/27/1999 23 Outflow TSS mg/L 3 2 28.3
10/18/1999 15 Outflow TSS mg/L 1.8 1.2 28.3
10/18/1999 19 Outflow TSS mg/L 1 < 1 0.0
10/20/1999 24 Outflow TSS mg/L 1.4 1.2 10.9
11/15/1999 10 Outflow TSS mg/L 1.2 1.2 0.0
11/17/1999 24 Outflow TSS mg/L 1.2 1.4 10.9
12/13/1999 19 stn 1/2 TSS mg/L 1.4 9 103.3
12/13/1999 10 Outflow TSS mg/L 1 9 113.1
12/14/1999 23 Outflow TSS mg/L < 1 < 1 0.0
12/15/1999 11 Outflow TSS mg/L < 1 < 1 0.0
12/15/1999 9 stn 1/2 TSS mg/L < 1 3 70.7
01/17/2000 22 Outflow TSS mg/L < 1 < 1 0.0
01/18/2000 23 Outflow TSS mg/L 1.2 < 1 12.9
01/19/2000 24 Outflow TSS mg/L < 1 < 1 0.0
02/14/2000 HC Outflow TSS mg/L 2.4 3.2 20.2
02/16/2000 24 Outflow TSS mg/L 1.4 2.2 31.4
03/13/2000 19 stn 1/2 TSS mg/L 1.8 1.4 17.7
03/14/2000 HC Outflow TSS mg/L 1.4 1.2 10.9
03/15/2000 12 stn 1/2 TSS mg/L 4.4 1 89.0
03/15/2000 9b stn 1/3 TSS mg/L < 2 1 47.1

IFAS 04/13/1999 21 Outflow SRP mg/L 0.007 0.005 23.6
04/13/1999 14 Outflow SRP mg/L 0.004 0.007 38.6
04/13/1999 7 Outflow SRP mg/L 0.005 0.006 12.9
04/19/1999 23 Outflow SRP mg/L 0.002 0.002 0.0
04/19/1999 8 Outflow SRP mg/L 0.001 0.003 70.7
04/19/1999 14 Outflow SRP mg/L 0.001 0.001 0.0
04/26/1999 10 Outflow SRP mg/L 0.002 0.004 47.1
04/26/1999 8 Inflow SRP mg/L 0.003 0.004 20.2
04/26/1999 16 Outflow SRP mg/L 0.002 0.004 47.1
04/27/1999 23 Outflow SRP mg/L 0.003 0.002 28.3
05/03/1999 24 Outflow SRP mg/L 0.0029 0.003 2.4
05/03/1999 17 Outflow SRP mg/L 0.0025 0.0026 2.8
05/03/1999 9 Outflow SRP mg/L 0.0031 0.003 2.3
05/10/1999 13 Outflow SRP mg/L 0.0026 0.0026 0.0
05/10/1999 19 Outflow SRP mg/L 0.0025 0.0022 9.0
05/17/1999 13 stn 1/2 SRP mg/L 0.0031 0.003 2.3
05/17/1999 10 Outflow SRP mg/L 0.003 0.0035 10.9
05/17/1999 7 stn 1/2 SRP mg/L 0.0017 0.004 57.1
05/17/1999 5 stn 1/3 SRP mg/L 0.0026 0.0034 18.9
05/17/1999 2 Outflow SRP mg/L 0.0026 0.0031 12.4
05/19/1999 13 Outflow SRP mg/L 0.0036 0.003 12.9
05/19/1999 20 stn 1/2 SRP mg/L 0.0028 0.0038 21.4
05/19/1999 24 stn 1/2 SRP mg/L 0.0034 0.0028 13.7
05/25/1999 1 Outflow SRP mg/L 0.0025 0.0035 23.6
05/25/1999 13 Outflow SRP mg/L 0.0017 0.0023 21.2
05/25/1999 23 Outflow SRP mg/L 0.0023 0.003 18.7
06/01/1999 14 Outflow SRP mg/L 0.0003 0.0002 28.3
06/09/1999 6 Outflow SRP mg/L 0.0027 0.0043 32.3
06/09/1999 16 Outflow SRP mg/L 0.0021 0.0026 15.0
06/23/1999 8 Outflow SRP mg/L 0.0193 0.0038 94.9
06/23/1999 4 Outflow SRP mg/L 0.0026 0.0038 26.5
06/23/1999 20 Outflow SRP mg/L 0.0022 0.0022 0.0
06/23/1999 24 Outflow SRP mg/L 0.0022 0.0022 0.0
06/28/1999 4 Outflow SRP mg/L 0.0027 0.0023 11.3
06/28/1999 16 Outflow SRP mg/L 0.0025 0.0026 2.8
07/06/1999 12 Outflow SRP mg/L 0.0035 0.0026 20.9
07/06/1999 24 Outflow SRP mg/L 0.0036 0.0023 31.2
07/14/1999 23 Outflow SRP mg/L 0.0049 0.0027 40.9
07/14/1999 19 Outflow SRP mg/L 0.0017 0.0033 45.3
07/19/1999 24 Inflow SRP mg/L 0.004 0.0048 12.9
07/19/1999 24 Outflow SRP mg/L 0.0029 0.0031 4.7
07/20/1999 1 Inflow SRP mg/L 0.0044 0.0038 10.3
07/20/1999 15 Outflow SRP mg/L 0.0026 0.0022 11.8
07/21/1999 2 Inflow SRP mg/L 0.003 0.0036 12.9
07/26/1999 16 Outflow SRP mg/L 0.0011 0.0014 17.0
07/26/1999 24 Outflow SRP mg/L 0.0018 0.002 7.4
08/02/1999 13 Outflow SRP mg/L 0.0013 0.0009 25.7
08/02/1999 24 Outflow SRP mg/L 0.0024 0.0015 32.6
08/09/1999 23 Outflow SRP mg/L 0.0014 0.0015 4.9
08/09/1999 1 Outflow SRP mg/L 0.0009 0.0013 25.7
08/24/1999 23 Outflow SRP mg/L 0.0021 0.0018 10.9
08/24/1999 22 Outflow SRP mg/L 0.0013 0.0009 25.7
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08/24/1999 1 Inflow SRP mg/L 0.0024 0.0065 65.1
08/25/1999 24 Inflow SRP mg/L 0.0067 0.004 35.7
08/25/1999 24 Outflow SRP mg/L 0.0023 0.0015 29.8
08/30/1999 18 Outflow SRP mg/L 0.0013 0.0015 10.1
08/30/1999 11 Outflow SRP mg/L 0.0005 0.0022 89.0
09/20/1999 1 Inflow SRP mg/L 0.0062 0.0077 15.3
09/20/1999 3 Outflow SRP mg/L 0.001 0.0009 7.4
09/27/1999 23 Outflow SRP mg/L 0.0021 0.0007 70.7
09/27/1999 7 Inflow SRP mg/L 0.0084 0.0093 7.2
09/27/1999 23 stn 1/2 SRP mg/L 0.0014 0.001 23.6
09/27/1999 24 Outflow SRP mg/L 0.0031 0.0013 57.9
09/27/1999 HC Outflow SRP mg/L 0.0092 0.0098 4.5
10/18/1999 19 Outflow SRP mg/L 0.0008 0.0008 0.0
10/18/1999 15 Outflow SRP mg/L 0.0008 0.001 15.7
10/19/1999 23 Inflow SRP mg/L 0.005 0.0048 2.9
10/20/1999 24 Outflow SRP mg/L 0.0012 0.0019 31.9
10/20/1999 24 Inflow SRP mg/L 0.0044 0.0061 22.9
11/15/1999 10 Outflow SRP mg/L 0.0003 0.001 76.1
11/15/1999 19 Inflow SRP mg/L 0.0041 0.0045 6.6
11/16/1999 2 Inflow SRP mg/L 0.0051 0.0046 7.3
11/17/1999 14 Inflow SRP mg/L 0.004 0.0048 12.9
11/17/1999 24 Outflow SRP mg/L 0.001 0.001 0.0
12/13/1999 10 Outflow SRP mg/L 0.0012 0.0018 28.3
12/13/1999 19 stn 1/2 SRP mg/L 0.0015 0.0014 4.9
12/14/1999 23 Outflow SRP mg/L 0.0019 0.0018 3.8
12/15/1999 9 stn 1/2 SRP mg/L 0.001 0.002 47.1
12/15/1999 11 Outflow SRP mg/L 0.0022 0.0026 11.8
01/19/2000 HC Outflow SRP mg/L 0.0067 0.0069 2.1
01/31/2000 HC Outflow SRP mg/L 0.0094 0.0101 5.1
02/16/2000 HC Outflow SRP mg/L 0.011 0.011 0.0
02/21/2000 HC Outflow SRP mg/L 0.016 0.017 4.3
02/28/2000 HC Outflow SRP mg/L 0.012 0.011 6.1
03/07/2000 HC Outflow SRP mg/L 0.0107 0.0103 2.7
03/14/2000 HC Outflow SRP mg/L 0.012 0.012 0.0
03/20/2000 HC Outflow SRP mg/L 0.0096 0.0099 2.2
03/27/2000 HC Outflow SRP mg/L 0.0025 0.0028 8.0
04/13/1999 21 Outflow TDP mg/L 0.014 0.014 0.0
04/13/1999 14 Outflow TDP mg/L 0.013 0.014 5.2
04/13/1999 7 Outflow TDP mg/L 0.02 0.014 25.0
04/19/1999 14 Outflow TDP mg/L 0.017 0.014 13.7
04/19/1999 23 Outflow TDP mg/L 0.019 0.016 12.1
04/19/1999 8 Outflow TDP mg/L 0.015 0.012 15.7
04/26/1999 16 Outflow TDP mg/L 0.018 0.02 7.4
04/26/1999 10 Outflow TDP mg/L 0.015 0.02 20.2
04/26/1999 8 Inflow TDP mg/L 0.018 0.018 0.0
04/27/1999 23 Outflow TDP mg/L 0.018 0.015 12.9
05/03/1999 9 Outflow TDP mg/L 0.0094 0.018 44.4
05/03/1999 24 Outflow TDP mg/L 0.0151 0.0107 24.1
05/03/1999 17 Outflow TDP mg/L 0.0094 0.0107 9.1
05/10/1999 13 Outflow TDP mg/L 0.0088 0.0088 0.0
05/10/1999 19 Outflow TDP mg/L 0.0174 0.0078 53.9
05/17/1999 2 Outflow TDP mg/L 0.0172 0.0111 30.5
05/17/1999 13 stn 1/2 TDP mg/L 0.0084 0.0153 41.2
05/17/1999 10 Outflow TDP mg/L 0.0116 0.0172 27.5
05/17/1999 5 stn 1/3 TDP mg/L 0.0135 0.0163 13.3
05/17/1999 7 stn 1/2 TDP mg/L 0.0153 0.0153 0.0
05/19/1999 13 Outflow TDP mg/L 0.0129 0.0287 53.7
05/19/1999 20 stn 1/2 TDP mg/L 0.0101 0.0074 21.8
05/19/1999 24 stn 1/2 TDP mg/L 0.0101 0.0074 21.8
05/25/1999 1 Outflow TDP mg/L 0.0113 0.0094 13.0
05/25/1999 13 Outflow TDP mg/L 0.0057 0.0103 40.7
05/25/1999 23 Outflow TDP mg/L 0.0094 0.0076 15.0
06/01/1999 14 Outflow TDP mg/L 0.01 0.01 0.0
06/09/1999 16 Outflow TDP mg/L 0.0136 0.0104 18.9
06/09/1999 6 Outflow TDP mg/L 0.0086 0.0103 12.7
06/23/1999 8 Outflow TDP mg/L 0.0317 0.0106 70.5
06/23/1999 4 Outflow TDP mg/L 0.0108 0.0115 4.4
06/23/1999 20 Outflow TDP mg/L 0.0097 0.0097 0.0
06/23/1999 24 Outflow TDP mg/L 0.0106 0.0134 16.5
06/28/1999 16 Outflow TDP mg/L 0.0078 0.0069 8.7
06/28/1999 4 Outflow TDP mg/L 0.0078 0.0069 8.7
07/06/1999 12 Outflow TDP mg/L 0.0066 0.0159 58.5
07/06/1999 24 Outflow TDP mg/L 0.0131 0.0084 30.9
07/14/1999 19 Outflow TDP mg/L 0.0062 0.0062 0.0
07/14/1999 23 Outflow TDP mg/L 0.0062 0.0062 0.0
07/19/1999 24 Inflow TDP mg/L 0.0082 0.011 20.6
07/19/1999 24 Outflow TDP mg/L 0.0082 0.0101 14.7
07/20/1999 1 Inflow TDP mg/L 0.0091 0.0099 6.0
07/20/1999 15 Outflow TDP mg/L 0.0071 0.0071 0.0
07/21/1999 2 Inflow TDP mg/L 0.008 0.009 8.3
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Relative
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Deviation (%)
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07/26/1999 16 Outflow TDP mg/L 0.008 0.0071 8.4
07/26/1999 24 Outflow TDP mg/L 0.008 0.0099 15.0
08/02/1999 13 Outflow TDP mg/L 0.0087 0.0087 0.0
08/02/1999 24 Outflow TDP mg/L 0.0097 0.0097 0.0
08/09/1999 1 Outflow TDP mg/L 0.0115 0.0107 5.1
08/09/1999 23 Outflow TDP mg/L 0.0116 0.0116 0.0
08/16/1999 2 Outflow TDP mg/L 0.0088 0.0097 6.9
08/16/1999 HC Outflow TDP mg/L 0.0143 0.0125 9.5
08/24/1999 23 Outflow TDP mg/L 0.009 0.009 0.0
08/24/1999 1 Inflow TDP mg/L 0.0126 0.0126 0.0
08/24/1999 22 Outflow TDP mg/L 0.0081 0.009 7.4
08/25/1999 24 Outflow TDP mg/L 0.009 0.0077 11.0
08/25/1999 24 Inflow TDP mg/L 0.0145 0.0145 0.0
08/30/1999 11 Outflow TDP mg/L 0.0086 0.0068 16.5
08/30/1999 18 Outflow TDP mg/L 0.0086 0.0086 0.0
09/07/1999 23 Outflow TDP mg/L 0.0086 0.0086 0.0
09/20/1999 1 Inflow TDP mg/L 0.014 0.0132 4.2
09/20/1999 3 Outflow TDP mg/L 0.009 0.007 17.7
09/27/1999 HC Outflow TDP mg/L 0.0125 0.0125 0.0
09/27/1999 24 Outflow TDP mg/L 0.0099 0.0099 0.0
09/27/1999 7 Inflow TDP mg/L 0.0132 0.0134 1.1
09/27/1999 23 Outflow TDP mg/L 0.0082 0.009 6.6
09/27/1999 23 stn 1/2 TDP mg/L 0.0082 0.0082 0.0
10/04/1999 23 Outflow TDP mg/L 0.0059 0.0076 17.8
10/04/1999 7 Outflow TDP mg/L 0.0103 0.0085 13.5
10/11/1999 23 Outflow TDP mg/L 0.0081 0.0081 0.0
10/11/1999 8 Outflow TDP mg/L 0.0072 0.0081 8.3
10/18/1999 19 Outflow TDP mg/L 0.0072 0.0063 9.4
10/18/1999 15 Outflow TDP mg/L 0.0077 0.0072 4.7
10/19/1999 23 Inflow TDP mg/L 0.0171 0.0162 3.8
10/20/1999 24 Inflow TDP mg/L 0.0162 0.0162 0.0
10/20/1999 24 Outflow TDP mg/L 0.0109 0.01 6.1
10/26/1999 24 Outflow TDP mg/L 0.005 0.0068 21.6
10/26/1999 16 Outflow TDP mg/L 0.005 0.0059 11.7
11/01/1999 16 Outflow TDP mg/L 0.0081 0.0072 8.3
11/01/1999 20 Outflow TDP mg/L 0.009 0.0081 7.4
11/08/1999 2 Outflow TDP mg/L 0.0063 0.0074 11.4
11/08/1999 11 Outflow TDP mg/L 0.0072 0.0084 10.9
11/15/1999 10 Outflow TDP mg/L 0.0084 0.0074 9.0
11/15/1999 19 Inflow TDP mg/L 0.0149 0.0139 4.9
11/16/1999 2 Inflow TDP mg/L 0.0158 0.0145 6.1
11/17/1999 14 Inflow TDP mg/L 0.0145 0.0145 0.0
11/17/1999 24 Outflow TDP mg/L 0.0109 0.0109 0.0
11/22/1999 23 Outflow TDP mg/L 0.007 0.007 0.0
11/22/1999 16 Outflow TDP mg/L 0.0144 0.007 48.9
11/30/1999 20 Outflow TDP mg/L 0.0061 0.007 9.7
11/30/1999 14 Outflow TDP mg/L 0.0061 0.0052 11.3
12/06/1999 16 Outflow TDP mg/L 0.0101 0.0092 6.6
12/06/1999 2 Outflow TDP mg/L 0.0101 0.0092 6.6
12/13/1999 10 Outflow TDP mg/L 0.0073 0.0083 9.1
12/13/1999 19 stn 1/2 TDP mg/L 0.0083 0.0092 7.3
12/14/1999 23 Outflow TDP mg/L 0.0087 0.0087 0.0
12/15/1999 11 Outflow TDP mg/L 0.0087 0.0087 0.0
12/15/1999 9 stn 1/2 TDP mg/L 0.0091 0.0209 55.6
12/20/1999 16 Outflow TDP mg/L 0.0073 0.0082 8.2
12/20/1999 19 Outflow TDP mg/L 0.0073 0.0117 32.7
12/27/1999 12 Outflow TDP mg/L 0.0098 0.0134 21.9
12/27/1999 11 Outflow TDP mg/L 0.0089 0.0152 37.0
01/03/2000 20 Outflow TDP mg/L 0.0091 0.0082 7.4
01/03/2000 9 Outflow TDP mg/L 0.0082 0.0073 8.2
01/10/2000 16 Outflow TDP mg/L 0.0096 0.0105 6.3
01/10/2000 3 Outflow TDP mg/L 0.0073 0.0105 25.4
01/17/2000 22 Outflow TDP mg/L 0.0096 0.0096 0.0
01/17/2000 22 Inflow TDP mg/L 0.0199 0.0208 3.1
01/18/2000 23 Outflow TDP mg/L 0.0081 0.0091 8.2
01/19/2000 24 Outflow TDP mg/L 0.0081 0.0091 8.2
01/19/2000 HC Outflow TDP mg/L 0.0198 0.0173 9.5
01/25/2000 5 Outflow TDP mg/L 0.008 0.0089 7.5
01/25/2000 16 Outflow TDP mg/L 0.0098 0.0098 0.0
01/31/2000 10 Outflow TDP mg/L 0.0099 0.0117 11.8
01/31/2000 HC Outflow TDP mg/L 0.0265 0.0257 2.2
01/31/2000 HC Outflow TDP mg/L 0.0257 0.0257 0.0
01/31/2000 HC Outflow TDP mg/L 0.0239 0.0257 5.1
02/07/2000 HC Outflow TDP mg/L 0.026 0.024 5.7
02/07/2000 HC Outflow TDP mg/L 0.025 0.024 2.9
02/07/2000 HC Outflow TDP mg/L 0.024 0.024 0.0
02/07/2000 15 Outflow TDP mg/L 0.008 0.009 8.3
02/14/2000 HC Outflow TDP mg/L 0.023 0.025 5.9
02/14/2000 19 Inflow TDP mg/L 0.025 0.027 5.4
02/15/2000 16 Inflow TDP mg/L 0.024 0.027 8.3
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02/16/2000 24 Outflow TDP mg/L 0.012 0.012 0.0
02/16/2000 HC Outflow TDP mg/L 0.027 0.035 18.2
02/21/2000 HC Outflow TDP mg/L 0.035 0.037 3.9
02/21/2000 HC Outflow TDP mg/L 0.035 0.037 3.9
02/21/2000 HC Outflow TDP mg/L 0.035 0.037 3.9
02/21/2000 19 Outflow TDP mg/L 0.01 0.014 23.6
02/28/2000 HC Outflow TDP mg/L 0.038 0.032 12.1
02/28/2000 HC Outflow TDP mg/L 0.034 0.032 4.3
02/28/2000 HC Outflow TDP mg/L 0.032 0.032 0.0
02/28/2000 19 Outflow TDP mg/L 0.016 0.014 9.4
03/07/2000 HC Outflow TDP mg/L 0.031803 0.028231 8.4
03/07/2000 HC Outflow TDP mg/L 0.030017 0.028231 4.3
03/07/2000 2 Outflow TDP mg/L 0.02068 0.017513 11.7
03/07/2000 HC Outflow TDP mg/L 0.028231 0.028231 0.0
03/13/2000 3 Outflow TDP mg/L 0.01157 0.026051 54.4
03/13/2000 19 stn 1/2 TDP mg/L 0.01157 0.012475 5.3
03/14/2000 HC Outflow TDP mg/L 0.036006 0.032965 6.2
03/15/2000 12 stn 1/2 TDP mg/L 0.015038 0.014141 4.3
03/15/2000 9b stn 1/3 TDP mg/L 0.009659 0.00697 22.9
03/20/2000 HC Outflow TDP mg/L 0.022209 0.023105 2.8
03/20/2000 HC Outflow TDP mg/L 0.022209 0.023105 2.8
03/20/2000 HC Outflow TDP mg/L 0.022209 0.023105 2.8
03/20/2000 17 Outflow TDP mg/L 0.009659 0.009659 0.0
03/27/2000 3 Outflow TDP mg/L 0.012559 0.00895 23.7
03/27/2000 HC Outflow TDP mg/L 0.015266 0.016169 4.1
03/27/2000 HC Outflow TDP mg/L 0.013462 0.016169 12.9
03/27/2000 HC Outflow TDP mg/L 0.016169 0.016169 0.0
04/13/1999 7 Outflow TP mg/L 0.025 0.039 30.9
04/13/1999 14 Outflow TP mg/L 0.015 0.022 26.8
04/13/1999 21 Outflow TP mg/L 0.023 0.037 33.0
04/19/1999 23 Outflow TP mg/L 0.063 0.055 9.6
04/19/1999 14 Outflow TP mg/L 0.031 0.034 6.5
04/19/1999 8 Outflow TP mg/L 0.041 0.038 5.4
04/26/1999 16 Outflow TP mg/L 0.027 0.029 5.1
04/26/1999 10 Outflow TP mg/L 0.031 0.026 12.4
04/26/1999 8 Inflow TP mg/L 0.035 0.021 35.4
04/27/1999 23 Outflow TP mg/L 0.07 0.055 17.0
05/03/1999 9 Outflow TP mg/L 0.0161 0.018 7.9
05/03/1999 17 Outflow TP mg/L 0.0161 0.0161 0.0
05/03/1999 24 Outflow TP mg/L 0.0228 0.0199 9.6
05/10/1999 19 Outflow TP mg/L 0.0145 0.0126 9.9
05/10/1999 13 Outflow TP mg/L 0.0183 0.0135 21.3
05/17/1999 2 Outflow TP mg/L 0.0192 0.0148 18.3
05/17/1999 5 stn 1/3 TP mg/L 0.0192 0.0165 10.7
05/17/1999 7 stn 1/2 TP mg/L 0.0148 0.0148 0.0
05/17/1999 10 Outflow TP mg/L 0.0192 0.0218 9.0
05/17/1999 13 stn 1/2 TP mg/L 0.0139 0.0209 28.4
05/19/1999 24 stn 1/2 TP mg/L 0.0172 0.0172 0.0
05/19/1999 13 Outflow TP mg/L 0.0148 0.0394 64.2
05/19/1999 20 stn 1/2 TP mg/L 0.0181 0.0135 20.6
05/25/1999 1 Outflow TP mg/L 0.0461 0.0516 8.0
05/25/1999 13 Outflow TP mg/L 0.0168 0.0232 22.6
05/25/1999 23 Outflow TP mg/L 0.0461 0.0241 44.3
06/01/1999 14 Outflow TP mg/L 0.0148 0.0165 7.7
06/09/1999 16 Outflow TP mg/L 0.0147 0.0124 12.0
06/09/1999 6 Outflow TP mg/L 0.0132 0.015 9.0
06/23/1999 4 Outflow TP mg/L 0.019 0.019 0.0
06/23/1999 24 Outflow TP mg/L 0.0181 0.0172 3.6
06/23/1999 20 Outflow TP mg/L 0.0126 0.0163 18.1
06/23/1999 8 Outflow TP mg/L 0.0453 0.0489 5.4
06/28/1999 16 Outflow TP mg/L 0.0161 0.0161 0.0
06/28/1999 4 Outflow TP mg/L 0.018 0.0152 11.9
07/06/1999 12 Outflow TP mg/L 0.0131 0.0159 13.7
07/06/1999 24 Outflow TP mg/L 0.0178 0.0178 0.0
07/14/1999 19 Outflow TP mg/L 0.0117 0.0108 5.7
07/14/1999 23 Outflow TP mg/L 0.0117 0.0108 5.7
07/19/1999 24 Inflow TP mg/L 0.011 0.0119 5.6
07/19/1999 24 Outflow TP mg/L 0.0184 0.0166 7.3
07/20/1999 15 Outflow TP mg/L 0.0128 0.0128 0.0
07/20/1999 1 Inflow TP mg/L 0.0147 0.0128 9.8
07/21/1999 2 Inflow TP mg/L 0.0117 0.0127 5.8
07/26/1999 24 Outflow TP mg/L 0.02 0.0182 6.7
07/26/1999 16 Outflow TP mg/L 0.0117 0.0099 11.8
08/02/1999 13 Outflow TP mg/L 0.028 0.0142 46.2
08/02/1999 24 Outflow TP mg/L 0.069 0.0317 52.4
08/09/1999 1 Outflow TP mg/L 0.0161 0.0161 0.0
08/09/1999 23 Outflow TP mg/L 0.0216 0.0197 6.5
08/16/1999 2 Outflow TP mg/L 0.0153 0.0143 4.8
08/16/1999 HC Outflow TP mg/L 0.0199 0.018 7.1
08/24/1999 23 Outflow TP mg/L 0.0154 0.0181 11.4
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08/24/1999 1 Inflow TP mg/L 0.0162 0.0163 0.4
08/24/1999 22 Outflow TP mg/L 0.0117 0.0126 5.2
08/25/1999 24 Inflow TP mg/L 0.0158 0.0158 0.0
08/25/1999 24 Outflow TP mg/L 0.0158 0.0158 0.0
08/30/1999 11 Outflow TP mg/L 0.0158 0.0167 3.9
08/30/1999 18 Outflow TP mg/L 0.0284 0.0221 17.6
09/07/1999 1 Outflow TP mg/L 0.0157 0.0175 7.7
09/07/1999 23 Outflow TP mg/L 0.0175 0.0157 7.7
09/20/1999 1 Inflow TP mg/L 0.0184 0.0167 6.8
09/20/1999 3 Outflow TP mg/L 0.0167 0.0149 8.1
09/27/1999 HC Outflow TP mg/L 0.0187 0.0169 7.2
09/27/1999 24 Outflow TP mg/L 0.0169 0.0169 0.0
09/27/1999 23 stn 1/2 TP mg/L 0.0125 0.0117 4.7
09/27/1999 7 Inflow TP mg/L 0.013 0.0143 6.7
09/27/1999 23 Outflow TP mg/L 0.0108 0.0117 5.7
10/04/1999 23 Outflow TP mg/L 0.0138 0.0147 4.5
10/04/1999 7 Outflow TP mg/L 0.0156 0.0156 0.0
10/11/1999 8 Outflow TP mg/L 0.0128 0.0133 2.7
10/11/1999 23 Outflow TP mg/L 0.0142 0.0125 9.0
10/18/1999 19 Outflow TP mg/L 0.0098 0.0133 21.4
10/18/1999 15 Outflow TP mg/L 0.0089 0.0098 6.8
10/19/1999 23 Inflow TP mg/L 0.0162 0.0162 0.0
10/20/1999 24 Inflow TP mg/L 0.0162 0.0153 4.0
10/20/1999 24 Outflow TP mg/L 0.0145 0.0145 0.0
10/26/1999 16 Outflow TP mg/L 0.0127 0.0123 2.3
10/26/1999 24 Outflow TP mg/L 0.0214 0.0141 29.1
11/01/1999 16 Outflow TP mg/L 0.0143 0.0134 4.6
11/01/1999 20 Outflow TP mg/L 0.0125 0.0125 0.0
11/08/1999 11 Outflow TP mg/L 0.0143 0.0116 14.7
11/08/1999 2 Outflow TP mg/L 0.0143 0.0125 9.5
11/15/1999 10 Outflow TP mg/L 0.0121 0.0111 6.1
11/15/1999 19 Inflow TP mg/L 0.0149 0.0158 4.1
11/16/1999 2 Inflow TP mg/L 0.0186 0.0176 3.9
11/17/1999 14 Inflow TP mg/L 0.0162 0.0153 4.0
11/17/1999 24 Outflow TP mg/L 0.0136 0.0127 4.8
11/22/1999 23 Outflow TP mg/L 0.0125 0.0107 11.0
11/22/1999 16 Outflow TP mg/L 0.0107 0.0107 0.0
11/30/1999 20 Outflow TP mg/L 0.027 0.0162 35.4
11/30/1999 14 Outflow TP mg/L 0.0089 0.0089 0.0
12/06/1999 2 Outflow TP mg/L 0.0145 0.0101 25.3
12/06/1999 16 Outflow TP mg/L 0.011 0.011 0.0
12/13/1999 10 Outflow TP mg/L 0.0118 0.0127 5.2
12/13/1999 19 stn 1/2 TP mg/L 0.0118 0.0136 10.0
12/14/1999 23 Outflow TP mg/L 0.0148 0.0148 0.0
12/15/1999 9 stn 1/2 TP mg/L 0.0117 0.0126 5.2
12/15/1999 11 Outflow TP mg/L 0.013 0.0126 2.2
12/20/1999 16 Outflow TP mg/L 0.0152 0.0169 7.5
12/20/1999 19 Outflow TP mg/L 0.0134 0.0178 19.9
12/27/1999 12 Outflow TP mg/L 0.016 0.0089 40.3
12/27/1999 11 Outflow TP mg/L 0.016 0.0134 12.5
01/03/2000 9 Outflow TP mg/L 0.01 0.01 0.0
01/03/2000 20 Outflow TP mg/L 0.0118 0.0136 10.0
01/10/2000 16 Outflow TP mg/L 0.0136 0.0136 0.0
01/10/2000 3 Outflow TP mg/L 0.0118 0.0118 0.0
01/17/2000 22 Outflow TP mg/L 0.0148 0.0131 8.6
01/17/2000 22 Inflow TP mg/L 0.0233 0.0225 2.5
01/18/2000 23 Outflow TP mg/L 0.0136 0.0136 0.0
01/19/2000 24 Outflow TP mg/L 0.0146 0.0136 5.0
01/19/2000 HC Outflow TP mg/L 0.0219 0.021 3.0
01/25/2000 5 Outflow TP mg/L 0.0125 0.0134 4.9
01/25/2000 16 Outflow TP mg/L 0.016 0.016 0.0
01/31/2000 HC Outflow TP mg/L 0.0309 0.0292 4.0
01/31/2000 HC Outflow TP mg/L 0.0309 0.0292 4.0
01/31/2000 HC Outflow TP mg/L 0.0292 0.0292 0.0
01/31/2000 10 Outflow TP mg/L 0.0169 0.0178 3.7
02/07/2000 15 Outflow TP mg/L 0.013 0.013 0.0
02/07/2000 HC Outflow TP mg/L 0.027 0.029 5.1
02/07/2000 HC Outflow TP mg/L 0.029 0.029 0.0
02/07/2000 HC Outflow TP mg/L 0.029 0.029 0.0
02/14/2000 HC Outflow TP mg/L 0.029 0.029 0.0
02/14/2000 19 Inflow TP mg/L 0.028 0.028 0.0
02/15/2000 16 Inflow TP mg/L 0.031 0.03 2.3
02/16/2000 HC Outflow TP mg/L 0.032 0.035 6.3
02/16/2000 24 Outflow TP mg/L 0.02 0.021 3.4
02/21/2000 HC Outflow TP mg/L 0.04 0.041 1.7
02/21/2000 HC Outflow TP mg/L 0.041 0.041 0.0
02/21/2000 19 Outflow TP mg/L 0.02 0.029 26.0
02/21/2000 HC Outflow TP mg/L 0.04 0.041 1.7
02/28/2000 HC Outflow TP mg/L 0.038 0.037 1.9
02/28/2000 19 Outflow TP mg/L 0.021 0.021 0.0
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02/28/2000 HC Outflow TP mg/L 0.038 0.037 1.9
02/28/2000 HC Outflow TP mg/L 0.037 0.037 0.0
03/07/2000 HC Outflow TP mg/L 0.046986 0.046093 1.4
03/07/2000 HC Outflow TP mg/L 0.044307 0.046093 2.8
03/07/2000 HC Outflow TP mg/L 0.04252 0.046093 5.7
03/07/2000 2 Outflow TP mg/L 0.023736 0.027338 10.0
03/13/2000 3 Inflow TP mg/L 0.050558 0.032386 31.0
03/13/2000 19 stn 1/2 TP mg/L 0.017 0.016095 3.9
03/14/2000 HC Outflow TP mg/L 0.042342 0.037816 8.0
03/15/2000 9b stn 1/3 TP mg/L 0.010556 0.011452 5.8
03/15/2000 12 stn 1/2 TP mg/L 0.024001 0.024001 0.0
03/20/2000 17 Outflow TP mg/L 0.018876 0.023105 14.2
03/20/2000 HC Outflow TP mg/L 0.030607 0.032069 3.3
03/20/2000 HC Outflow TP mg/L 0.030276 0.032069 4.1
03/20/2000 HC Outflow TP mg/L 0.02938 0.032069 6.2
03/27/2000 3 Outflow TP mg/L 0.015266 0.017071 7.9
03/27/2000 HC Outflow TP mg/L 0.037825 0.036923 1.7
03/27/2000 HC Outflow TP mg/L 0.026095 0.036923 24.3
03/27/2000 HC Outflow TP mg/L 0.034216 0.036923 5.4

Sediment TOXIKON 04/28/1999 9 DENSIT g/cm3 1.11 1.92 37.8
04/28/1999 24 DENSIT g/cm3 1.16 1.09 4.4
04/28/1999 14 DENSIT g/cm3 1.2 1.11 5.5
05/18/1999 20 DENSIT g/cm3 1.75 1.43 14.2
05/18/1999 10 DENSIT g/cm3 1.87 1.62 10.1
06/21/1999 3 DENSIT g/cm3 1.91 1.94 1.1
06/24/1999 24 DENSIT g/cm3 1.03 1.06 2.0
07/19/1999 24 DENSIT g/cm3 1.08 1.22 8.6
07/20/1999 5 DENSIT g/cm3 1.1 1.92 38.4
08/24/1999 10 DENSIT g/cm3 1.7 1.78 3.3
08/25/1999 2 DENSIT g/cm3 1.81 1.05 37.6
09/20/1999 3 DENSIT g/cm3 1.83 1.94 4.1
09/28/1999 17 DENSIT g/cm3 1.12 1.08 2.6
10/18/1999 22 DENSIT g/cm3 1.85 1.87 0.8
10/20/1999 21 DENSIT g/cm3 1.07 1.16 5.7
11/15/1999 22 DENSIT g/cm3 1.92 1.82 3.8
11/17/1999 12 DENSIT g/cm3 1.07 1.08 0.7
12/13/1999 3 DENSIT g/cm3 1.96 1.87 3.3
12/13/1999 1 DENSIT g/cm3 1.94 2.02 2.9
12/15/1999 24 DENSIT g/cm3 1.23 1.23 0.0
01/17/2000 15 DENSIT g/cm3 1.7 2.1 14.9
01/19/2000 17 DENSIT g/cm3 1.2 1.3 5.7
02/14/2000 19 DENSIT g/cm3 1.7 1.9 7.9
02/16/2000 21 DENSIT g/cm3 1.2 1.2 0.0
04/28/1999 9 SOLID % 35 67 44.4
04/28/1999 24 SOLID % 27 32 12.0
04/28/1999 14 SOLID % 27 34 16.2
05/18/1999 10 SOLID % 61 77 16.4
05/18/1999 20 SOLID % 34 79 56.3
06/21/1999 3 SOLID % 76 75 0.9
06/24/1999 24 SOLID % 18.5 19.5 3.7
07/19/1999 24 SOLID % 27 32.3 12.6
07/20/1999 5 SOLID % 67 73 6.1
08/24/1999 10 SOLID % 77 76 0.9
08/25/1999 2 SOLID % 74 17 88.6
09/20/1999 3 SOLID % 77.2 84.3 6.2
09/28/1999 17 SOLID % 31 33.6 5.7
10/18/1999 22 SOLID % 72.5 72.9 0.4
10/20/1999 21 SOLID % 35.6 35.3 0.6
11/15/1999 22 SOLID % 75.3 74.3 0.9
11/17/1999 12 SOLID % 25.3 18.9 20.5
12/13/1999 3 SOLID % 79 74 4.6
12/13/1999 1 SOLID % 74 74 0.0
12/15/1999 24 SOLID % 44 12 80.8
01/17/2000 15 SOLID % 60 77 17.5
01/19/2000 17 SOLID % 15 20 20.2
02/14/2000 19 SOLID % 69 67 2.1
02/16/2000 21 SOLID % 20 29 26.0
05/18/1999 20 TKN mg/kg < 4 < 4 0.0
05/18/1999 10 TKN mg/kg 15.9 38 58.0
09/20/1999 3 TKN mg/kg 74.3 112 28.6
09/28/1999 17 TKN mg/kg 12000 8500 24.1
12/13/1999 3 TKN mg/kg 51 53 2.7
12/13/1999 1 TKN mg/kg 42 48 9.4
12/15/1999 24 TKN mg/kg 9710 6220 31.0
05/18/1999 10 TOC mg/kg 2270 2110 5.2
05/18/1999 20 TOC mg/kg 1770 5980 76.8
09/20/1999 3 TOC mg/kg 3050 1540 46.5
09/28/1999 17 TOC mg/kg 46000 61000 19.8
12/13/1999 3 TOC mg/kg 2800 3000 4.9
12/13/1999 1 TOC mg/kg 3100 3400 6.5
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Exhibit G-2
Field Duplicate Data for the Porta-PSTAs, April 1999 to March 2000

Matrix
Analytical
Laboratory Date Cell Location Parameter Units

Relative
Standard

Deviation (%)
Field 

Duplicate
Field

Sample
12/15/1999 24 TOC mg/kg 105000 63800 34.5
06/21/1999 3 VS % 2.05 2.8 21.9
06/24/1999 24 VS % 61 69.2 8.9

IFAS 04/28/1999 9 TIP mg/kg 114.23 851.02 107.9
04/28/1999 24 TIP mg/kg 133.72 151.69 8.9
04/28/1999 14 TIP mg/kg 116.5 110.37 3.8
05/18/1999 20 TIP mg/kg 10.3 3.71 66.5
05/18/1999 10 TIP mg/kg 805.1 891.15 7.2
06/21/1999 3 TIP mg/kg 1055.59 809.33 18.7
06/23/1999 24 TIP mg/kg 107.45 136.23 16.7
07/19/1999 24 TIP mg/kg 124.44 162.84 18.9
07/20/1999 5 TIP mg/kg 921.34 999 5.7
08/24/1999 10 TIP mg/kg 995.27 930.25 4.8
08/25/1999 11 TIP mg/kg 100.7 104.44 2.6
10/18/1999 22 TIP mg/kg 943.63 956.54 1.0
10/20/1999 21 TIP mg/kg 98.87 108.89 6.8
11/17/1999 12 TIP mg/kg 86.8 78.4 7.2
12/13/1999 1 TIP mg/kg 1163.4 1173.4 0.6
12/15/1999 24 TIP mg/kg 121.6 95.3 17.1
01/17/2000 15 TIP mg/kg 970.5 959.8 0.8
01/19/2000 17 TIP mg/kg 129.3 100.4 17.8
02/14/2000 19 TIP mg/kg 19.4 19.8 1.4
02/16/2000 24 TIP mg/kg 122.5 104.5 11.2
04/28/1999 9 TP mg/kg 158.32 1006.85 103.0
04/28/1999 14 TP mg/kg 182.45 204.51 8.1
04/28/1999 24 TP mg/kg 219.17 230.11 3.4
05/18/1999 20 TP mg/kg 11.88 10.43 9.2
05/18/1999 10 TP mg/kg 913.75 993.3 5.9
06/21/1999 3 TP mg/kg 1221.64 996.5 14.4
06/23/1999 24 TP mg/kg 196.69 219.13 7.6
07/19/1999 24 TP mg/kg 138.56 177.36 17.4
07/20/1999 5 TP mg/kg 1017.05 1099.86 5.5
08/24/1999 10 TP mg/kg 1117.46 1036.7 5.3
08/25/1999 11 TP mg/kg 218.9 243.01 7.4
10/18/1999 22 TP mg/kg 994.6 948.79 3.3
10/20/1999 21 TP mg/kg 225.33 207.3 5.9
11/17/1999 12 TP mg/kg 195.7 115.8 36.3
12/13/1999 1 TP mg/kg 993.1 995.1 0.1
12/15/1999 24 TP mg/kg 366.2 170.4 51.6
01/17/2000 15 TP mg/kg 943.6 915.7 2.1
01/19/2000 17 TP mg/kg 62.8 96.3 29.8
02/14/2000 19 TP mg/kg 32 32.1 0.2
02/16/2000 24 TP mg/kg 197.8 210.5 4.4

Periphyton PPB 04/29/1999 17 ASH WT mg/L 990 830 12.4
04/29/1999 24 ASH WT mg/L 940 990 3.7
04/29/1999 7 ASH WT mg/L 244 244 0.0
05/18/1999 20 ASH WT mg/L 500 676 21.2
05/18/1999 12 ASH WT mg/L 1420 1400 1.0
06/22/1999 2 ASH WT mg/L 868 402 51.9
06/22/1999 1 ASH WT mg/L 1760 1960 7.6
07/19/1999 18 ASH WT mg/L 555 545 1.3
07/20/1999 15 ASH WT mg/L 1420 1490 3.4
08/24/1999 6 ASH WT mg/L 1250 1220 1.7
08/25/1999 11 ASH WT mg/L 1270 1290 1.1
09/20/1999 6 ASH WT mg/L 679 697 1.8
09/28/1999 21 ASH WT mg/L 1020 1140 7.9
10/19/1999 13 ASH WT mg/L 808 970 12.9
10/20/1999 21 ASH WT mg/L 1070 1740 33.7
11/15/1999 15 ASH WT mg/L 860 903 3.4
11/17/1999 12 ASH WT mg/L 751 1160 30.3
12/14/1999 24 ASH WT mg/L < 10 < 10 0.0
01/17/2000 10 ASH WT mg/L 793 2460 72.5
01/19/2000 17 ASH WT mg/L 348 364 3.2
02/14/2000 19 ASH WT mg/L 2380 4960 49.7
02/16/2000 21 ASH WT mg/L 3420 2970 10.0
04/29/1999 7 ASH-FREE DRY WT mg/L 40 34 11.5
04/29/1999 17 ASH-FREE DRY WT mg/L 2010 1400 25.3
04/29/1999 24 ASH-FREE DRY WT mg/L 1640 1940 11.9
05/18/1999 12 ASH-FREE DRY WT mg/L 2330 2160 5.4
06/22/1999 1 ASH-FREE DRY WT mg/L 400 370 5.5
06/22/1999 2 ASH-FREE DRY WT mg/L 172 122 24.1
07/19/1999 18 ASH-FREE DRY WT mg/L 269 223 13.2
07/20/1999 15 ASH-FREE DRY WT mg/L 300 300 0.0
08/24/1999 6 ASH-FREE DRY WT mg/L 210 210 0.0
08/25/1999 11 ASH-FREE DRY WT mg/L 1500 200 108.1
09/20/1999 6 ASH-FREE DRY WT mg/L 145 150 2.4
09/28/1999 21 ASH-FREE DRY WT mg/L 730 1030 24.1
10/19/1999 13 ASH-FREE DRY WT mg/L 492 550 7.9
10/20/1999 21 ASH-FREE DRY WT mg/L 940 2440 62.8
11/15/1999 15 ASH-FREE DRY WT mg/L 260 257 0.8
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Exhibit G-2
Field Duplicate Data for the Porta-PSTAs, April 1999 to March 2000

Matrix
Analytical
Laboratory Date Cell Location Parameter Units

Relative
Standard

Deviation (%)
Field 

Duplicate
Field

Sample
11/17/1999 12 ASH-FREE DRY WT mg/L 639 1110 38.1
12/14/1999 24 ASH-FREE DRY WT mg/L < 10 < 10 0.0
01/17/2000 10 ASH-FREE DRY WT mg/L 203 450 53.5
01/19/2000 17 ASH-FREE DRY WT mg/L 209 219 3.3
02/14/2000 19 ASH-FREE DRY WT mg/L 630 1240 46.1
02/16/2000 21 ASH-FREE DRY WT mg/L 4990 3670 21.6
04/29/1999 24 CHL_A ug/L 79.9 80.8 0.8
04/29/1999 17 CHL_A ug/L 67.9 84 15.0
04/29/1999 7 CHL_A ug/L 20.3 21.9 5.4
05/18/1999 12 CHL_A ug/L 485 463 3.3
06/22/1999 2 CHL_A ug/L 91 89.7 1.0
06/22/1999 1 CHL_A ug/L 193 519 64.8
07/19/1999 18 CHL_A ug/L 22.3 19 11.3
07/20/1999 15 CHL_A ug/L 192 175 6.6
08/24/1999 6 CHL_A ug/L 26.4 60.1 55.1
08/25/1999 2 CHL_A ug/L 127 112 8.9
09/20/1999 6 CHL_A ug/L 15.1 16.2 5.0
09/28/1999 21 CHL_A ug/L 168 544 74.7
10/19/1999 22 CHL_A ug/L 61.9 75 13.5
10/20/1999 21 CHL_A ug/L 184 257 23.4
11/15/1999 15 CHL_A ug/L 9.3 104 118.2
11/17/1999 12 CHL_A ug/L 216 332 29.9
12/14/1999 24 CHL_A ug/L 17.8 23.9 20.7
01/17/2000 10 CHL_A ug/L 563 1510 64.6
01/19/2000 17 CHL_A ug/L 84.4 141 35.5
02/14/2000 19 CHL_A ug/L 1140 1390 14.0
02/16/2000 21 CHL_A ug/L 2340 10600 90.3
04/29/1999 7 CHL_A corr ug/L 26.7 29.4 6.8
04/29/1999 24 CHL_A corr ug/L 66.8 80.1 12.8
04/29/1999 17 CHL_A corr ug/L 80.1 66.8 12.8
05/18/1999 12 CHL_A corr ug/L 280 268 3.1
06/22/1999 2 CHL_A corr ug/L 29.6 59 46.9
06/22/1999 1 CHL_A corr ug/L 132 263 46.9
07/19/1999 18 CHL_A corr ug/L 17.1 14.9 9.7
07/20/1999 15 CHL_A corr ug/L 107 99.7 5.0
08/24/1999 6 CHL_A corr ug/L 20.3 47.8 57.1
08/25/1999 2 CHL_A corr ug/L 60.2 37.3 33.2
09/20/1999 6 CHL_A corr ug/L 10 10 0.0
09/28/1999 21 CHL_A corr ug/L 90.8 202 53.7
10/19/1999 22 CHL_A corr ug/L 47.6 46.4 1.8
10/20/1999 21 CHL_A corr ug/L 98.4 122 15.1
11/15/1999 15 CHL_A corr ug/L 7.7 83.5 117.5
11/17/1999 12 CHL_A corr ug/L 95.9 289 70.9
12/14/1999 24 CHL_A corr ug/L 11.6 16.2 23.4
01/17/2000 10 CHL_A corr ug/L 510 1270 60.4
01/19/2000 17 CHL_A corr ug/L 56.1 75.4 20.8
02/14/2000 19 CHL_A corr ug/L 1060 1180 7.6
02/16/2000 21 CHL_A corr ug/L 1070 480 53.8
05/18/1999 12 CHL_A Mono ug/L 214 214 0.0
05/18/1999 20 CHL_A Mono ug/L 69.4 40.8 36.7
04/29/1999 24 CHL_B ug/L 1.4 51.1 133.9
04/29/1999 7 CHL_B ug/L 1 9.3 114.0
04/29/1999 17 CHL_B ug/L 4.2 14.4 77.6
05/18/1999 12 CHL_B ug/L 50.6 53.4 3.8
06/22/1999 2 CHL_B ug/L 24.1 8.2 69.6
06/22/1999 1 CHL_B ug/L 19.5 106 97.5
08/24/1999 6 CHL_B ug/L < 1 < 1 0.0
08/25/1999 2 CHL_B ug/L 21.3 4.6 91.2
09/20/1999 6 CHL_B ug/L 2.5 2.5 0.0
09/28/1999 21 CHL_B ug/L 110 266 58.7
10/19/1999 22 CHL_B ug/L 15.2 15.5 1.4
10/20/1999 21 CHL_B ug/L 103 146 24.4
11/15/1999 15 CHL_B ug/L < 1 9.2 113.7
11/17/1999 12 CHL_B ug/L 34.2 20.1 36.7
12/14/1999 24 CHL_B ug/L 2.4 2.7 8.3
01/17/2000 10 CHL_B ug/L < 1 20.7 128.4
01/19/2000 17 CHL_B ug/L 15 39.1 63.0
02/14/2000 19 CHL_B ug/L < 1 2.3 55.7
02/16/2000 21 CHL_B ug/L 1360 571 57.8
04/29/1999 7 CHL_C ug/L 9.6 15.3 32.4
04/29/1999 24 CHL_C ug/L < 1 72.1 137.6
04/29/1999 17 CHL_C ug/L 23.8 38.2 32.8
05/18/1999 12 CHL_C ug/L 103 129 15.8
06/22/1999 1 CHL_C ug/L 50.4 204 85.4
06/22/1999 2 CHL_C ug/L 42.4 25.1 36.2
07/19/1999 18 CHL_B ug/L 1 < 1 0.0
07/20/1999 15 CHL_B ug/L 34.1 31.6 5.4
08/24/1999 6 CHL_C ug/L 3 13.3 89.4
08/25/1999 2 CHL_C ug/L 78.4 33.9 56.0
09/20/1999 6 CHL_C ug/L 5.3 5.3 0.0
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Exhibit G-2
Field Duplicate Data for the Porta-PSTAs, April 1999 to March 2000

Matrix
Analytical
Laboratory Date Cell Location Parameter Units

Relative
Standard

Deviation (%)
Field 

Duplicate
Field

Sample
09/28/1999 21 CHL_C ug/L 293 514 38.7
10/19/1999 22 CHL_C ug/L 28.4 31 6.2
10/20/1999 21 CHL_C ug/L 267 347 18.4
11/15/1999 15 CHL_C ug/L 1.5 16.9 118.4
11/17/1999 12 CHL_C ug/L 43.7 < 1 135.1
12/14/1999 24 CHL_C ug/L 2 5.6 67.0
01/17/2000 10 CHL_C ug/L 110 321 69.2
01/19/2000 17 CHL_C ug/L 23.8 65.8 66.3
02/14/2000 19 CHL_C ug/L 138 187 21.3
02/16/2000 21 CHL_C ug/L 2630 1060 60.2
04/29/1999 24 DRY WT mg/L 2580 2930 9.0
04/29/1999 17 DRY WT mg/L 3000 2230 20.8
04/29/1999 7 DRY WT mg/L 284 278 1.5
05/18/1999 12 DRY WT mg/L 3750 3560 3.7
06/22/1999 2 DRY WT mg/L 1040 524 46.7
06/22/1999 1 DRY WT mg/L 2160 2320 5.1
07/19/1999 18 DRY WT mg/L 824 768 5.0
07/20/1999 15 DRY WT mg/L 1720 1790 2.8
08/24/1999 6 DRY WT mg/L 1460 1430 1.5
08/25/1999 2 DRY WT mg/L 1520 1490 1.4
09/20/1999 6 DRY WT mg/L 824 847 1.9
09/28/1999 21 DRY WT mg/L 1750 2170 15.2
10/19/1999 22 DRY WT mg/L 1520 1520 0.0
10/20/1999 21 DRY WT mg/L 2010 4180 49.6
11/15/1999 15 DRY WT mg/L 1120 1160 2.5
11/17/1999 12 DRY WT mg/L 1390 2270 34.0
12/14/1999 24 DRY WT mg/L < 10 12 12.9
01/17/2000 10 DRY WT mg/L 996 2910 69.3
01/19/2000 17 DRY WT mg/L 557 583 3.2
02/14/2000 19 DRY WT mg/L 3010 6200 49.0
02/16/2000 21 DRY WT mg/L 8410 6640 16.6
04/29/1999 7 PHEO_A ug/L < 1 < 1 0.0
04/29/1999 17 PHEO_A ug/L < 1 8 110.0
04/29/1999 24 PHEO_A ug/L 17.4 4 88.6
05/18/1999 12 PHEO_A ug/L 104 85 14.2
06/22/1999 2 PHEO_A ug/L < 1 < 1 0.0
06/22/1999 1 PHEO_A ug/L < 1 40 134.5
07/19/1999 18 PHEO_A ug/L 5.3 1.6 75.8
07/20/1999 15 PHEO_A ug/L < 1 73.3 137.6
08/24/1999 6 PHEO_A ug/L < 1 < 1 0.0
08/25/1999 2 PHEO_A ug/L 6.3 32 94.9
09/20/1999 6 PHEO_A ug/L 1 7.7 108.9
09/28/1999 21 PHEO_A ug/L 54.7 124 54.8
10/19/1999 22 PHEO_A ug/L 7.7 5.9 18.7
10/20/1999 21 PHEO_A ug/L 88.6 97.2 6.5
11/15/1999 15 PHEO_A ug/L < 1 < 1 0.0
11/17/1999 12 PHEO_A ug/L 77.8 39.6 46.0
12/14/1999 24 PHEO_A ug/L 2.8 1.3 51.7
01/17/2000 10 PHEO_A ug/L < 1 83.3 138.1
01/19/2000 17 PHEO_A ug/L 48.4 62.2 17.6
02/14/2000 19 PHEO_A ug/L < 1 < 1 0.0
02/16/2000 21 PHEO_A ug/L 665 243 65.7

TOXIKON 04/29/1999 24 CA mg/L 354 329 5.2
04/29/1999 17 CA mg/L 333 317 3.5
04/29/1999 7 CA mg/L 195 147 19.8
05/18/1999 12 CA mg/L 238 328 22.5
06/22/1999 2 CA mg/L 270 280 2.6
06/22/1999 1 CA mg/L 260 550 50.6
07/19/1999 18 CA mg/L 66 71 5.2
07/20/1999 15 CA mg/L 374 354 3.9
08/24/1999 6 CA mg/L 256 314 14.4
08/25/1999 2 CA mg/L 266 299 8.3
09/20/1999 6 CA mg/L 61 67.3 6.9
09/28/1999 21 CA mg/L 240 280 10.9
10/18/1999 22 CA mg/L 88 86 1.6
10/20/1999 21 CA mg/L 200 290 26.0
11/15/1999 15 CA mg/L 190 300 31.7
12/15/1999 24 CA mg/L 1.02 < 1 1.4
01/17/2000 10 CA mg/L 210 810 83.2
01/19/2000 17 CA mg/L 54 57 3.8
02/14/2000 19 CA mg/L 730 1400 44.5
02/16/2000 21 CA mg/L 580 580 0.0
05/18/1999 12 TKN mg/L 10.4 17.2 34.8
05/18/1999 20 TKN mg/L 1.85 1.74 4.3
09/20/1999 6 TKN mg/L 1.17 1.3 7.4
09/28/1999 21 TKN mg/L 13 14 5.2
12/13/1999 10 TKN mg/L 12 9.6 15.7
12/13/1999 5 TKN mg/L 4.8 6.9 25.4
12/13/1999 3 TKN mg/L 7.9 4.7 35.9
12/15/1999 24 TKN mg/L < 1 0.253 84.3
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Exhibit G-2
Field Duplicate Data for the Porta-PSTAs, April 1999 to March 2000

Matrix
Analytical
Laboratory Date Cell Location Parameter Units

Relative
Standard

Deviation (%)
Field 

Duplicate
Field

Sample
IFAS 04/29/1999 7 TIP mg/L 0.1654 0.1378 12.9

04/29/1999 17 TIP mg/L 0.3452 0.2877 12.8
04/29/1999 24 TIP mg/L 0.3261 0.4219 18.1
05/18/1999 12 TIP mg/L 0.2821 0.637 54.6
06/22/1999 1 TIP mg/L 1.2356 1.2497 0.8
06/22/1999 2 TIP mg/L 0.1112 0.0998 7.6
07/19/1999 18 TIP mg/L 0.0243 0.0266 6.4
07/20/1999 15 TIP mg/L 0.002 0.0015 20.2
08/24/1999 6 TIP mg/L 0.7024 0.1372 95.2
08/25/1999 2 TIP mg/L 0.6083 0.7376 13.6
09/20/1999 6 TIP mg/L 0.0927 0.0903 1.9
09/29/1999 21 TIP mg/L 0.2509 0.2696 5.1
10/18/1999 22 TIP mg/L 0.1387 0.1901 22.1
10/20/1999 21 TIP mg/L 0.159 0.1339 12.1
11/15/1999 15 TIP mg/L 0.29 0.324 7.8
11/17/1999 9 TIP mg/L 0.096 0.197 48.7
12/15/1999 24 TIP mg/L 0.003 0.003 0.0
01/17/2000 10 TIP mg/L 0.272 0.167 33.8
01/19/2000 17 TIP mg/L 0.048 0.044 6.1
02/14/2000 19 TIP mg/L 0.224 0.253 8.6
02/16/2000 21 TIP mg/L 0.902 0.678 20.0
04/29/1999 24 TP mg/L 0.9635 0.8898 5.6
04/29/1999 17 TP mg/L 1.1356 0.9144 15.3
04/29/1999 7 TP mg/L 0.3957 0.4203 4.3
05/18/1999 12 TP mg/L 0.8259 1.3912 36.1
06/22/1999 1 TP mg/L 1.9546 2.0736 4.2
06/22/1999 2 TP mg/L 0.7886 0.9314 11.7
07/19/1999 18 TP mg/L 0.0731 0.0731 0.0
07/20/1999 15 TP mg/L 1.1932 1.1218 4.4
08/24/1999 6 TP mg/L 1.0158 1.0641 3.3
08/25/1999 2 TP mg/L 1.0641 1.1124 3.1
09/20/1999 6 TP mg/L 0.2498 0.2007 15.4
09/29/1999 21 TP mg/L 0.741 0.8393 8.8
10/18/1999 22 TP mg/L 0.2617 0.3576 21.9
10/20/1999 21 TP mg/L 1.0767 1.1726 6.0
11/15/1999 15 TP mg/L 0.549 0.453 13.5
11/17/1999 9 TP mg/L 0.693 0.789 9.2
12/15/1999 24 TP mg/L 0.024 0.024 0.0
01/17/2000 10 TP mg/L 0.804 4.193 95.9
01/19/2000 17 TP mg/L 0.196 0.236 13.1
02/14/2000 19 TP mg/L 0.901 1.341 27.8
02/16/2000 21 TP mg/L 2.025 1.569 17.9

a Questionable value; high % RSD may be the result of an analytical outlier.
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Exhibit G-3
Equipment Blank Data for the South ENR Test Cells, February 1999 to March 2000

Matrix
Analytical
Laboratory Date Parameter units

Method
Detection

Limit
Above Criteria

(>2x MDL)
Water PPB 12/27/99 N_TOT mg/L 2.02 0.1 yes

02/22/00 N_TOT mg/L < 0.1 0.1 no
02/22/00 N_TOT mg/L < 0.1 0.1 no
03/06/00 N_TOT mg/L < 0.1 0.1 no
12/27/99 NH3 mg/L < 0.004 0.004 no
02/22/00 NH3 mg/L < 0.004 0.004 no
02/22/00 NH3 mg/L < 0.004 0.004 no
03/06/00 NH3 mg/L < 0.004 0.004 no
12/27/99 NO2NO3 mg/L 0.187 0.004 yes
02/22/00 NO2NO3 mg/L 0.509 0.004 yes
02/22/00 NO2NO3 mg/L 0.509 0.004 yes
03/06/00 NO2NO3 mg/L < 0.004 0.004 no
12/27/99 TKN mg/L 1.83 0.1 yes
02/22/00 TKN mg/L < 0.1 0.1 no
02/22/00 TKN mg/L < 0.1 0.1 no
03/06/00 TKN mg/L < 0.1 0.1 no
12/27/99 TOC mg/L 2.71 2 no
02/22/00 TOC mg/L < 2 2 no
02/22/00 TOC mg/L < 2 2 no
03/06/00 TOC mg/L < 2 2 no

TOXIKON 04/12/99 ALKAL mg/L 7 1 yes
05/21/99 ALKAL mg/L < 1 1 no
06/14/99 ALKAL mg/L < 1 1 no
07/14/99 ALKAL mg/L < 1 1 no
08/16/99 ALKAL mg/L < 1 1 no
09/29/99 ALKAL mg/L < 1 1 no
10/25/99 ALKAL mg/L < 1 1 no
11/29/99 ALKAL mg/L < 1 1 no
12/27/99 ALKAL mg/L < 2 2 no
01/24/00 ALKAL mg/L < 1 1 no
01/24/00 ALKAL mg/L < 1 1 no
02/22/00 ALKAL mg/L < 1 1 no
03/06/00 ALKAL mg/L 2 1 no
04/12/99 CA mg/L 0.129 0.05 yes
05/21/99 CA mg/L < 0.1 0.1 no
06/14/99 CA mg/L < 0.1 0.1 no
07/14/99 CA mg/L < 1 1 no
08/16/99 CA mg/L < 1 1 no
09/29/99 CA mg/L < 1 1 no
10/25/99 CA mg/L < 1 1 no
11/29/99 CA mg/L < 1 1 no
12/27/99 CA mg/L < 1 1 no
01/24/00 CA mg/L < 1 1 no
01/24/00 CA mg/L < 1 1 no
02/22/00 CA mg/L < 1 1 no
03/06/00 CA mg/L < 1 1 no
04/12/99 N_TOT mg/L < 0.09 0.09 no
05/21/99 N_TOT mg/L 0.08 0.09 no
06/14/99 N_TOT mg/L < 0.09 0.09 no
07/14/99 N_TOT mg/L < 0.15 0.15 no
08/16/99 N_TOT mg/L < 0.15 0.15 no
09/29/99 N_TOT mg/L < 0.15 0.15 no
10/25/99 N_TOT mg/L < 0.15 0.15 no
11/29/99 N_TOT mg/L < 0.15 0.15 no
04/12/99 NH3 mg/L < 0.04 0.04 no
05/21/99 NH3 mg/L < 0.04 0.04 no
06/14/99 NH3 mg/L < 0.04 0.04 no
07/14/99 NH3 mg/L < 0.04 0.04 no
08/16/99 NH3 mg/L < 0.04 0.04 no
09/29/99 NH3 mg/L < 0.04 0.04 no
10/25/99 NH3 mg/L < 0.04 0.04 no
11/29/99 NH3 mg/L < 0.04 0.04 no
04/12/99 NO2NO3 mg/L < 0.05 0.05 no
05/21/99 NO2NO3 mg/L < 0.05 0.05 no
06/14/99 NO2NO3 mg/L < 0.05 0.05 no
07/14/99 NO2NO3 mg/L < 0.05 0.05 no
08/16/99 NO2NO3 mg/L < 0.05 0.05 no
09/29/99 NO2NO3 mg/L < 0.05 0.05 no
10/25/99 NO2NO3 mg/L < 0.05 0.05 no
11/29/99 NO2NO3 mg/L < 0.05 0.05 no
04/12/99 TKN mg/L < 0.04 0.04 no
05/21/99 TKN mg/L 0.08 0.04 no
06/14/99 TKN mg/L < 0.1 0.1 no
07/14/99 TKN mg/L < 0.1 0.1 no
08/16/99 TKN mg/L < 0.1 0.1 no
09/29/99 TKN mg/L < 0.1 0.1 no
10/25/99 TKN mg/L < 0.4 0.4 no
11/29/99 TKN mg/L < 0.1 0.1 no

Equipment
Blank 
Result
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Exhibit G-3
Equipment Blank Data for the South ENR Test Cells, February 1999 to March 2000

Matrix
Analytical
Laboratory Date Parameter units

Method
Detection

Limit
Above Criteria

(>2x MDL)

Equipment
Blank 
Result

04/12/99 TOC mg/L < 1 1 no
05/21/99 TOC mg/L 1.25 1 no
06/14/99 TOC mg/L < 1 1 no
07/14/99 TOC mg/L 0.49 1 no
08/16/99 TOC mg/L < 1 1 no
09/29/99 TOC mg/L 1.25 1 no
10/25/99 TOC mg/L < 1 1 no
11/29/99 TOC mg/L < 1 1 no
04/12/99 TSS mg/L < 4 4 no
05/21/99 TSS mg/L < 4 4 no
06/14/99 TSS mg/L < 4 4 no
07/14/99 TSS mg/L < 4 4 no
08/16/99 TSS mg/L < 2 2 no
09/29/99 TSS mg/L < 1.25 1.25 no
10/25/99 TSS mg/L < 1 1 no
11/29/99 TSS mg/L < 1 1 no
12/27/99 TSS mg/L < 1 1 no
01/24/00 TSS mg/L < 1 1 no
01/24/00 TSS mg/L < 1 1 no
02/22/00 TSS mg/L < 1 1 no
03/06/00 TSS mg/L < 1 1 no

IFAS 02/23/99 SRP mg/L 0.002 0.0004 yes
03/29/99 SRP mg/L 0.002 0.0004 yes
04/12/99 SRP mg/L 0.002 0.0004 yes
05/20/99 SRP mg/L 0.0055 0.0004 yes
06/01/99 SRP mg/L 0.002 0.0004 yes
06/14/99 SRP mg/L 0.003 0.0004 yes
06/21/99 SRP mg/L 0.0016 0.0004 yes
06/28/99 SRP mg/L 0.0026 0.0004 yes
07/06/99 SRP mg/L 0.0035 0.0004 yes
07/14/99 SRP mg/L 0.0025 0.0004 yes
07/19/99 SRP mg/L 0.0015 0.0004 yes
07/26/99 SRP mg/L 0.0006 0.0004 no
08/02/99 SRP mg/L 0.0015 0.0004 yes
08/09/99 SRP mg/L 0.0009 0.0004 yes
08/31/99 SRP mg/L 0.0003 0.0004 no
09/29/99 SRP mg/L 0.0008 0.0004 no
10/18/99 SRP mg/L 0 0.0004 no
10/25/99 SRP mg/L 0.0004 0.0004 no
11/29/99 SRP mg/L 0.0013 0.0004 yes
12/27/99 SRP mg/L 0.0005 0.0004 no
01/24/00 SRP mg/L 0.0029 0.0004 yes
02/16/00 SRP mg/L 0.001 0.0004 yes
02/22/00 SRP mg/L 0.002 0.0004 yes
03/06/00 SRP mg/L 0.0006 0.0004 no
03/14/00 SRP mg/L 0.0009 0.0004 yes
03/20/00 SRP mg/L 0.0005 0.0004 no
02/23/99 TDP mg/L 0.001 0.001 no
03/29/99 TDP mg/L 0.002 0.001 no
04/12/99 TDP mg/L 0.002 0.001 no
05/20/99 TDP mg/L 0.0031 0.001 yes
06/01/99 TDP mg/L 0.0026 0.001 yes
06/14/99 TDP mg/L < 0.0001 0.001 no
06/21/99 TDP mg/L 0.0027 0.001 yes
06/28/99 TDP mg/L < 0.0001 0.001 no
07/06/99 TDP mg/L 0.001 0.001 no
07/14/99 TDP mg/L 0.00 0.001 no
07/19/99 TDP mg/L 0.001 0.001 no
07/26/99 TDP mg/L 0.00 0.001 no
08/02/99 TDP mg/L 0.0005 0.001 no
08/09/99 TDP mg/L 0.0024 0.001 yes
08/16/99 TDP mg/L 0.0015 0.001 no
08/25/99 TDP mg/L 0.0068 0.001 yes
08/31/99 TDP mg/L 0.0006 0.001 no
09/07/99 TDP mg/L 0.0007 0.001 no
09/29/99 TDP mg/L 0.0006 0.001 no
10/04/99 TDP mg/L 0.0015 0.001 no
10/11/99 TDP mg/L 0.0028 0.001 yes
10/18/99 TDP mg/L 0.0028 0.001 yes
10/25/99 TDP mg/L 0.0004 0.001 no
11/01/99 TDP mg/L 0.0019 0.001 no
11/22/99 TDP mg/L 0.0016 0.001 no
11/29/99 TDP mg/L 0.0007 0.001 no
12/06/99 TDP mg/L 0.0039 0.001 yes
12/15/99 TDP mg/L 0.0026 0.001 yes
12/20/99 TDP mg/L 0.0021 0.001 yes
12/27/99 TDP mg/L 0.0027 0.001 yes
01/04/00 TDP mg/L 0.0064 0.001 yes
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Exhibit G-3
Equipment Blank Data for the South ENR Test Cells, February 1999 to March 2000

Matrix
Analytical
Laboratory Date Parameter units

Method
Detection

Limit
Above Criteria

(>2x MDL)

Equipment
Blank 
Result

01/10/00 TDP mg/L 0.0028 0.001 yes
01/24/00 TDP mg/L 0.0027 0.001 yes
02/07/00 TDP mg/L 0.001 0.001 no
02/16/00 TDP mg/L 0.001 0.001 no
02/22/00 TDP mg/L 0.002 0.001 no
03/06/00 TDP mg/L 0.0023 0.001 yes
03/14/00 TDP mg/L 0.0025 0.001 yes
03/20/00 TDP mg/L 0.0035 0.001 yes
02/24/99 TP mg/L 0.007 0.001 yes
02/24/99 TP mg/L 0.001 0.001 no
04/12/99 TP mg/L 0.007 0.001 yes
05/20/99 TP mg/L 0.0039 0.001 yes
06/01/99 TP mg/L 0.0026 0.001 yes
06/01/99 TP mg/L 0.0026 0.001 yes
06/14/99 TP mg/L < 0.0001 0.001 no
06/15/99 TP mg/L 0.0054 0.001 yes
06/15/99 TP mg/L 0.0027 0.001 yes
06/21/99 TP mg/L 0.0009 0.001 no
06/28/99 TP mg/L 0.0013 0.001 no
07/06/99 TP mg/L 0.0001 0.001 no
07/14/99 TP mg/L 0.00 0.001 no
07/19/99 TP mg/L 0.0008 0.001 no
07/26/99 TP mg/L 0.0016 0.001 no
08/02/99 TP mg/L 0.0023 0.001 yes
08/09/99 TP mg/L 0.0005 0.001 no
08/16/99 TP mg/L 0.0024 0.001 yes
08/25/99 TP mg/L 0.0015 0.001 no
08/31/99 TP mg/L 0.0015 0.001 no
09/07/99 TP mg/L 0.0007 0.001 no
09/29/99 TP mg/L 0.0006 0.001 no
10/04/99 TP mg/L 0.0006 0.001 no
10/11/99 TP mg/L 0.0028 0.001 yes
10/18/99 TP mg/L 0.005 0.001 yes
10/25/99 TP mg/L 0.0013 0.001 no
11/01/99 TP mg/L 0.0019 0.001 no
11/22/99 TP mg/L 0.002 0.001 no
11/29/99 TP mg/L 0.002 0.001 no
11/29/99 TP mg/L 0.001 0.001 no
11/30/99 TP mg/L 0.002 0.001 no
12/06/99 TP mg/L 0.0022 0.001 yes
12/15/99 TP mg/L 0.003 0.001 yes
12/20/99 TP mg/L 0.0021 0.001 yes
12/27/99 TP mg/L 0.004 0.001 yes
01/04/00 TP mg/L 0.001 0.001 no
01/10/00 TP mg/L 0.003 0.001 yes
01/24/00 TP mg/L 0.003 0.001 yes
01/24/00 TP mg/L 0.004 0.001 yes
01/25/00 TP mg/L 0.002 0.001 no
02/07/00 TP mg/L 0.002 0.001 no
02/16/00 TP mg/L 0.001 0.001 no
02/22/00 TP mg/L 0.004 0.001 yes
02/22/00 TP mg/L 0.002 0.001 no
02/22/00 TP mg/L 0.002 0.001 no
03/06/00 TP mg/L 0.003 0.001 yes
03/06/00 TP mg/L 0.001 0.001 no
03/06/00 TP mg/L 0.003 0.001 yes
03/14/00 TP mg/L 0.002 0.001 yes
03/20/00 TP mg/L 0.003 0.001 yes

Sediment TOXIKON 06/15/99 DENSIT g/cm3 0.957 NA NA
07/12/99 DENSIT g/cm3 1.03 NA NA
08/17/99 DENSIT g/cm3 1.03 NA NA
10/26/99 DENSIT g/cm3 1.01 NA NA
10/26/99 DENSIT g/cm3 1.97 NA NA
11/30/99 DENSIT g/cm3 0.96 NA NA
01/25/00 DENSIT g/cm3 0.96 NA NA
01/25/00 DENSIT g/cm3 0.96 NA NA
02/22/00 DENSIT g/cm3 0.99 NA NA
03/06/00 DENSIT g/cm3 0.98 NA NA
06/15/99 SOLID % < 0 NA NA
07/12/99 SOLID % 4.43 NA NA
08/17/99 SOLID % 12 NA NA
10/26/99 SOLID % 8 NA NA
11/30/99 SOLID % < 0 NA NA
01/25/00 SOLID % < 0.0004 NA NA
01/25/00 SOLID % < 0.0004 NA NA
02/22/00 SOLID % 8 NA NA
03/06/00 SOLID % 6 NA NA
05/20/99 TKN mg/kg < 0.04 0.04 no
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Exhibit G-3
Equipment Blank Data for the South ENR Test Cells, February 1999 to March 2000

Matrix
Analytical
Laboratory Date Parameter units

Method
Detection

Limit
Above Criteria

(>2x MDL)

Equipment
Blank 
Result

09/30/99 TKN mg/kg < 10 10 no
05/20/99 TOC mg/kg 3.96 1 yes
09/30/99 TOC mg/kg < 1 1 no
06/15/99 VS % < 4 4 no

IFAS 05/20/99 TP mg/L 0.0039 0.001 no
07/12/99 TP mg/L 0.001 0.001 no
08/17/99 TP mg/L 0.002 0.001 no
09/30/99 TP mg/L 0.01 0.001 no
09/30/99 TP mg/L 0 0.001 no
10/25/99 TP mg/L 0 0.001 no

Periphyton PPB 04/14/99 ASH WT mg/L < 10 10 no
05/24/99 ASH WT mg/L < 10 10 no
06/15/99 ASH WT mg/L < 10 10 no
07/12/99 ASH WT mg/L < 10 10 no
08/31/99 ASH WT mg/L < 10 10 no
09/30/99 ASH WT mg/L 15 10 no
10/25/99 ASH WT mg/L 14 10 no
11/29/99 ASH WT mg/L < 10 10 no
01/25/00 ASH WT mg/L < 10 10 no
02/22/00 ASH WT mg/L < 10 10 no
03/06/00 ASH WT mg/L < 10 10 no
04/14/99 ASH-FREE DRY WT mg/L < 10 10 no
05/24/99 ASH-FREE DRY WT mg/L < 10 10 no
06/15/99 ASH-FREE DRY WT mg/L < 10 10 no
07/12/99 ASH-FREE DRY WT mg/L 19 10 no
08/31/99 ASH-FREE DRY WT mg/L < 10 10 no
09/30/99 ASH-FREE DRY WT mg/L < 10 10 no
10/25/99 ASH-FREE DRY WT mg/L 18 10 no
11/29/99 ASH-FREE DRY WT mg/L < 10 10 no
01/25/00 ASH-FREE DRY WT mg/L < 10 10 no
02/22/00 ASH-FREE DRY WT mg/L < 10 10 no
03/06/00 ASH-FREE DRY WT mg/L < 10 10 no
04/14/99 CHL_A ug/L < 1 1 no
05/24/99 CHL_A ug/L 2.4 1 yes
06/15/99 CHL_A ug/L 1.6 1 no
07/12/99 CHL_A ug/L < 1 1 no
08/31/99 CHL_A ug/L 8.6 1 yes
09/30/99 CHL_A ug/L 23.5 1 yes
10/25/99 CHL_A ug/L 2.9 1 yes
11/29/99 CHL_A ug/L 1.8 1 no
01/25/00 CHL_A ug/L 4 1 yes
02/22/00 CHL_A ug/L 3.9 1 yes
03/06/00 CHL_A ug/L < 1 1 no
04/14/99 CHL_A corr ug/L < 1 1 no
05/24/99 CHL_A corr ug/L < 1 1 no
06/15/99 CHL_A corr ug/L 1.1 1 no
07/12/99 CHL_A corr ug/L < 1 1 no
08/31/99 CHL_A corr ug/L 1.2 1 no
09/30/99 CHL_A corr ug/L 5.9 1 yes
10/25/99 CHL_A corr ug/L < 1 1 no
11/29/99 CHL_A corr ug/L < 1 1 no
01/25/00 CHL_A corr ug/L 1.3 1 no
02/22/00 CHL_A corr ug/L < 1 1 no
03/06/00 CHL_A corr ug/L < 1 1 no
05/24/99 CHL_A Mono ug/L < 1 1 no
04/14/99 CHL_B ug/L < 1 1 no
05/24/99 CHL_B ug/L 1.3 1 no
06/15/99 CHL_B ug/L 2.6 1 yes
07/12/99 CHL_B ug/L < 1 1 no
08/31/99 CHL_B ug/L 1.4 1 no
09/30/99 CHL_B ug/L 9.5 1 yes
10/25/99 CHL_B ug/L < 1 1 no
11/29/99 CHL_B ug/L < 1 1 no
01/25/00 CHL_B ug/L < 1 1 no
02/22/00 CHL_B ug/L 3.1 1 yes
03/06/00 CHL_B ug/L < 1 1 no
04/14/99 CHL_C ug/L < 1 1 no
05/24/99 CHL_C ug/L 1.3 1 no
06/15/99 CHL_C ug/L 5.1 1 no
07/12/99 CHL_C ug/L < 1 1 no
08/31/99 CHL_C ug/L 2.8 1 yes
09/30/99 CHL_C ug/L 15.1 1 yes
10/25/99 CHL_C ug/L < 1 1 no
11/29/99 CHL_C ug/L < 1 1 no
01/25/00 CHL_C ug/L 1.4 1 no
02/22/00 CHL_C ug/L 3.2 1 yes
03/06/00 CHL_C ug/L < 1 1 no
04/14/99 DRY WT mg/L < 10 10 no
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Exhibit G-3
Equipment Blank Data for the South ENR Test Cells, February 1999 to March 2000

Matrix
Analytical
Laboratory Date Parameter units

Method
Detection

Limit
Above Criteria

(>2x MDL)

Equipment
Blank 
Result

05/24/99 DRY WT mg/L < 10 10 no
06/15/99 DRY WT mg/L < 10 10 no
07/12/99 DRY WT mg/L 19 10 no
08/31/99 DRY WT mg/L < 10 10 no
09/30/99 DRY WT mg/L 13 10 no
10/25/99 DRY WT mg/L 32 10 yes
11/29/99 DRY WT mg/L < 10 10 no
01/25/00 DRY WT mg/L < 10 10 no
02/22/00 DRY WT mg/L < 10 10 no
03/06/00 DRY WT mg/L < 10 10 no
04/14/99 PHEO_A ug/L < 1 1 no
05/24/99 PHEO_A ug/L 2.6 1 yes
06/15/99 PHEO_A ug/L 1.2 1 no
07/12/99 PHEO_A ug/L < 1 1 no
08/31/99 PHEO_A ug/L < 1 1 no
09/30/99 PHEO_A ug/L 7.6 1 yes
10/25/99 PHEO_A ug/L < 1 1 no
11/29/99 PHEO_A ug/L < 1 1 no
01/25/00 PHEO_A ug/L < 1 1 no
02/22/00 PHEO_A ug/L 1.9 1 no
03/06/00 PHEO_A ug/L < 1 1 no

TOXIKON 02/24/99 CA mg/L 0.2 0.05 yes
04/14/99 CA mg/L 1.0 0.1 yes
05/24/99 CA mg/L 0.4 0.5 no
06/16/99 CA mg/L 0.4 0.05 yes
07/12/99 CA mg/L < 1 1 no
08/17/99 CA mg/L < 1 1 no
08/31/99 CA mg/L < 1 1 no
09/30/99 CA mg/L < 1 1 no
10/25/99 CA mg/L < 1 1 no
11/29/99 CA mg/L < 1 no
01/24/00 CA mg/L < 1 1 no
01/24/00 CA mg/L < 1 1 no
02/22/00 CA mg/L < 1 1 no
03/06/00 CA mg/L < 1 1 no
05/24/99 TKN mg/L < 0.04 0.04 no
09/30/99 TKN mg/L < 0.1 0.1 no

IFAS 07/12/99 TP mg/L 0.0007 0.001 no
08/17/99 TP mg/L 0.0024 0.001 no
08/31/99 TP mg/L 0.0006 0.001 no
09/29/99 TP mg/L 0.0023 0.001 no
10/25/99 TP mg/L 0.0013 0.001 no

NA = Not available at this time.
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Exhibit G-4
Equipment Blank Data for the Porta-PSTAs, April 1999 to March 2000

Matrix
Analytical
Laboratory Date Parameter Units

Method
Detection

Limit
Above Criteria

(>2x MDL)
Water PPB 12/13/1999 N_TOT mg/L < 0.1 0.1 no

12/15/1999 N_TOT mg/L 0.16 0.1 no
01/17/2000 N_TOT mg/L 0.14 0.1 no
01/19/2000 N_TOT mg/L < 0.1 0.1 no
02/14/2000 N_TOT mg/L < 0.1 0.1 no
02/15/2000 N_TOT mg/L < 0.1 0.1 no
02/16/2000 N_TOT mg/L < 0.1 0.1 no
02/16/2000 N_TOT mg/L < 0.1 0.1 no
03/13/2000 N_TOT mg/L < 0.1 0.1 no
03/15/2000 N_TOT mg/L < 0.1 0.1 no
12/13/1999 NH3 mg/L 0.021 0.04 no
12/15/1999 NH3 mg/L 0.018 0.004 yes
01/17/2000 NH3 mg/L < 0.004 0.004 no
01/19/2000 NH3 mg/L < 0.002 0.002 no
02/14/2000 NH3 mg/L < 0.004 0.004 no
02/15/2000 NH3 mg/L < 0.004 0.004 no
12/13/1999 NO2NO3 mg/L < 0.004 0.004 no
12/15/1999 NO2NO3 mg/L 0.163 0.004 yes
01/17/2000 NO2NO3 mg/L 0.144 0.004 yes
01/19/2000 NO2NO3 mg/L 0.042 0.004 yes
02/14/2000 NO2NO3 mg/L 0.005 0.004 no
02/15/2000 NO2NO3 mg/L 0.005 0.004 no
02/16/2000 NO2NO3 mg/L 0.21 0.004 yes
02/16/2000 NO2NO3 mg/L 0.021 0.004 yes
03/13/2000 NO2NO3 mg/L < 0.004 0.004 no
03/15/2000 NO2NO3 mg/L < 0.004 0.004 no
12/13/1999 TKN mg/L < 0.1 0.1 no
12/15/1999 TKN mg/L < 0.1 0.1 no
01/17/2000 TKN mg/L < 0.1 0.1 no
01/19/2000 TKN mg/L < 0.1 0.1 no
02/14/2000 TKN mg/L < 0.1 0.1 no
02/15/2000 TKN mg/L < 0.1 0.1 no
02/16/2000 TKN mg/L < 0.1 0.1 no
02/16/2000 TKN mg/L < 0.1 0.1 no
03/13/2000 TKN mg/L < 0.1 0.1 no
03/15/2000 TKN mg/L < 0.1 0.1 no
12/13/1999 TOC mg/L < 2 2 no
12/15/1999 TOC mg/L < 2 2 no
01/17/2000 TOC mg/L < 1 1 no
01/19/2000 TOC mg/L 1 1 no
02/14/2000 TOC mg/L < 2 2 no
02/15/2000 TOC mg/L < 2 2 no
02/16/2000 TOC mg/L < 2 2 no
02/16/2000 TOC mg/L < 2 2 no
03/13/2000 TOC mg/L < 2 2 no
03/15/2000 TOC mg/L < 2 2 no

TOXIKON 04/26/1999 ALKAL mg/L < 1 1 no
04/27/1999 ALKAL mg/L 1.6 1 no
04/27/1999 ALKAL mg/L 1.6 1 no
05/17/1999 ALKAL mg/L < 1 1 no
05/17/1999 ALKAL mg/L < 1 1 no
05/17/1999 ALKAL mg/L < 1 1 no
05/19/1999 ALKAL mg/L < 1 1 no
06/23/1999 ALKAL mg/L < 1 1 no
07/19/1999 ALKAL mg/L < 1 1 no
07/20/1999 ALKAL mg/L 158 1 yes
08/24/1999 ALKAL mg/L < 1 1 no
09/20/1999 ALKAL mg/L < 1 1 no
09/27/1999 ALKAL mg/L < 1 1 no
09/27/1999 ALKAL mg/L < 1 1 no
10/18/1999 ALKAL mg/L < 1 1 no
10/20/1999 ALKAL mg/L < 1 1 no
11/15/1999 ALKAL mg/L < 1 1 no
12/13/1999 ALKAL mg/L 3 1 yes
12/15/1999 ALKAL mg/L < 1 1 no
01/17/2000 ALKAL mg/L < 1 1 no
01/19/2000 ALKAL mg/L < 1 1 no
02/14/2000 ALKAL mg/L < 1 1 no
02/16/2000 ALKAL mg/L < 1 1 no
03/13/2000 ALKAL mg/L < 1 1 no
03/15/2000 ALKAL mg/L < 1 1 no
04/26/1999 CA mg/L < 0.05 0.05 no
04/27/1999 CA mg/L < 0.05 0.05 no
04/27/1999 CA mg/L < 0.05 0.05 no
05/17/1999 CA mg/L 0.104 0.1 no
05/17/1999 CA mg/L 0.111 0.1 no
05/17/1999 CA mg/L < 0.1 0.1 no
05/19/1999 CA mg/L 0.717 0.1 yes
06/23/1999 CA mg/L < 1 1 no
07/19/1999 CA mg/L < 1 1 no
07/20/1999 CA mg/L < 1 1 no
08/24/1999 CA mg/L < 1 1 no
09/20/1999 CA mg/L < 1 1 no

Equipment
Blank Result
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Exhibit G-4
Equipment Blank Data for the Porta-PSTAs, April 1999 to March 2000

Matrix
Analytical
Laboratory Date Parameter Units

Method
Detection

Limit
Above Criteria

(>2x MDL)
Equipment

Blank Result
09/27/1999 CA mg/L < 1 1 no
09/27/1999 CA mg/L < 1 1 no
10/18/1999 CA mg/L < 1 1 no
10/20/1999 CA mg/L < 1 1 no
11/15/1999 CA mg/L < 1 1 no
12/13/1999 CA mg/L < 1 1 no
12/15/1999 CA mg/L < 1 1 no
01/17/2000 CA mg/L < 1 1 no
01/19/2000 CA mg/L < 1 1 no
02/14/2000 CA mg/L < 1 1 no
02/16/2000 CA mg/L < 1 1 no
03/13/2000 CA mg/L < 1 1 no
03/15/2000 CA mg/L < 1 1 no
03/15/2000 CA mg/L < 1 1 no
04/26/1999 N_TOT mg/L < 0.09 0.09 no
04/27/1999 N_TOT mg/L 0.046 0.09 no
04/27/1999 N_TOT mg/L 0.069 0.09 no
05/17/1999 N_TOT mg/L < 0.09 0.09 no
05/17/1999 N_TOT mg/L < 0.09 0.09 no
05/17/1999 N_TOT mg/L < 0.09 0.09 no
06/23/1999 N_TOT mg/L < 0.15 0.15 no
07/19/1999 N_TOT mg/L < 0.15 0.15 no
07/20/1999 N_TOT mg/L 0.491 0.15 yes
08/24/1999 N_TOT mg/L 0.1 0.15 no
09/20/1999 N_TOT mg/L < 0.15 0.15 no
09/27/1999 N_TOT mg/L < 0.15 0.15 no
09/27/1999 N_TOT mg/L 0.1 0.15 no
10/18/1999 N_TOT mg/L < 0.15 0.15 no
10/20/1999 N_TOT mg/L < 0.15 0.15 no
11/15/1999 N_TOT mg/L 0.15 no
04/26/1999 NH3 mg/L < 0.04 0.04 no
04/27/1999 NH3 mg/L < 0.04 0.04 no
04/27/1999 NH3 mg/L < 0.04 0.04 no
05/17/1999 NH3 mg/L < 0.04 0.04 no
05/17/1999 NH3 mg/L 0.072 0.04 no
05/17/1999 NH3 mg/L < 0.04 0.04 no
05/19/1999 NH3 mg/L < 0.04 0.04 no
06/23/1999 NH3 mg/L 0.051 0.04 no
07/19/1999 NH3 mg/L < 0.04 0.04 no
07/20/1999 NH3 mg/L < 0.04 0.04 no
08/24/1999 NH3 mg/L < 0.04 0.04 no
09/20/1999 NH3 mg/L < 0.04 0.04 no
09/27/1999 NH3 mg/L < 0.04 0.04 no
09/27/1999 NH3 mg/L < 0.04 0.04 no
10/18/1999 NH3 mg/L < 0.04 0.04 no
10/20/1999 NH3 mg/L < 0.04 0.04 no
11/15/1999 NH3 mg/L < 0.04 0.04 no
04/26/1999 NO2NO3 mg/L < 0.05 0.05 no
04/27/1999 NO2NO3 mg/L < 0.05 0.05 no
04/27/1999 NO2NO3 mg/L < 0.05 0.05 no
05/17/1999 NO2NO3 mg/L < 0.05 0.05 no
05/17/1999 NO2NO3 mg/L < 0.05 0.05 no
05/17/1999 NO2NO3 mg/L < 0.05 0.05 no
05/19/1999 NO2NO3 mg/L < 0.05 0.05 no
06/23/1999 NO2NO3 mg/L < 0.05 0.05 no
07/19/1999 NO2NO3 mg/L < 0.05 0.05 no
07/20/1999 NO2NO3 mg/L < 0.05 0.05 no
08/24/1999 NO2NO3 mg/L < 0.05 0.05 no
09/20/1999 NO2NO3 mg/L < 0.05 0.05 no
09/27/1999 NO2NO3 mg/L < 0.05 0.05 no
09/27/1999 NO2NO3 mg/L < 0.05 0.05 no
10/18/1999 NO2NO3 mg/L < 0.05 0.05 no
10/20/1999 NO2NO3 mg/L < 0.05 0.05 no
11/15/1999 NO2NO3 mg/L < 0.05 0.05 no
04/26/1999 TKN mg/L < 0.04 0.04 no
04/27/1999 TKN mg/L 0.046 0.04 no
04/27/1999 TKN mg/L 0.069 0.04 no
05/17/1999 TKN mg/L < 0.04 0.04 no
05/17/1999 TKN mg/L < 0.04 0.04 no
05/17/1999 TKN mg/L < 0.04 0.04 no
05/19/1999 TKN mg/L < 0.04 0.04 no
06/23/1999 TKN mg/L < 0.1 0.1 no
07/19/1999 TKN mg/L < 0.1 0.1 no
07/20/1999 TKN mg/L 0.491 0.1 yes
08/24/1999 TKN mg/L 0.1 0.1 no
09/20/1999 TKN mg/L < 0.1 0.1 no
09/27/1999 TKN mg/L < 0.1 0.1 no
09/27/1999 TKN mg/L 0.1 0.1 no
10/18/1999 TKN mg/L < 0.1 0.1 no
10/20/1999 TKN mg/L < 0.1 0.1 no
11/15/1999 TKN mg/L 0.15 0.1 no
04/26/1999 TOC mg/L < 1 1 no
04/27/1999 TOC mg/L < 1 1 no
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Exhibit G-4
Equipment Blank Data for the Porta-PSTAs, April 1999 to March 2000

Matrix
Analytical
Laboratory Date Parameter Units

Method
Detection

Limit
Above Criteria

(>2x MDL)
Equipment

Blank Result
04/27/1999 TOC mg/L < 1 1 no
05/17/1999 TOC mg/L < 1 1 no
05/17/1999 TOC mg/L < 1 1 no
05/17/1999 TOC mg/L < 1 1 no
05/19/1999 TOC mg/L 1.04 1 no
06/23/1999 TOC mg/L < 1 1 no
07/19/1999 TOC mg/L < 1 1 no
07/20/1999 TOC mg/L < 1 1 no
08/24/1999 TOC mg/L < 1 1 no
09/20/1999 TOC mg/L 1.1 1 no
09/27/1999 TOC mg/L 1.28 1 no
09/27/1999 TOC mg/L < 1 1 no
10/18/1999 TOC mg/L < 1 1 no
10/20/1999 TOC mg/L < 1 1 no
11/15/1999 TOC mg/L < 1 1 no
04/26/1999 TSS mg/L 4 4 no
04/27/1999 TSS mg/L 4 4 no
04/27/1999 TSS mg/L 4 4 no
05/17/1999 TSS mg/L < 4 4 no
05/17/1999 TSS mg/L < 4 4 no
05/17/1999 TSS mg/L < 4 4 no
05/19/1999 TSS mg/L < 4 4 no
06/23/1999 TSS mg/L < 4 4 no
07/19/1999 TSS mg/L < 4 4 no
07/20/1999 TSS mg/L < 4 4 no
08/24/1999 TSS mg/L < 2 2 no
09/20/1999 TSS mg/L < 1.2 1.2 no
09/27/1999 TSS mg/L < 1 1 no
09/27/1999 TSS mg/L 1 1 no
10/18/1999 TSS mg/L < 1 1 no
10/20/1999 TSS mg/L < 1 1 no
11/15/1999 TSS mg/L < 1 1 no
12/13/1999 TSS mg/L 2 1 no
12/15/1999 TSS mg/L < 1 1 no
01/17/2000 TSS mg/L < 1 1 no
01/19/2000 TSS mg/L < 1 1 no
02/14/2000 TSS mg/L 2 1 no
02/16/2000 TSS mg/L < 1 1 no
03/13/2000 TSS mg/L < 1 1 no
03/15/2000 TSS mg/L < 1 1 no

IFAS 04/13/1999 SRP mg/L 0.004 0.0004 yes
04/19/1999 SRP mg/L 0.003 0.0004 yes
04/19/1999 SRP mg/L 0.004 0.0004 yes
04/26/1999 SRP mg/L 0.002 0.0004 yes
04/27/1999 SRP mg/L 0.002 0.0004 yes
04/27/1999 SRP mg/L 0.002 0.0004 yes
05/03/1999 SRP mg/L 0.0029 0.0004 yes
05/03/1999 SRP mg/L 0.0028 0.0004 yes
05/10/1999 SRP mg/L 0.0023 0.0004 yes
05/10/1999 SRP mg/L 0.0037 0.0004 yes
05/17/1999 SRP mg/L 0.0026 0.0004 yes
05/17/1999 SRP mg/L 0.0025 0.0004 yes
05/17/1999 SRP mg/L 0.0026 0.0004 yes
05/19/1999 SRP mg/L 0.0036 0.0004 yes
05/25/1999 SRP mg/L 0.0024 0.0004 yes
05/25/1999 SRP mg/L 0.0024 0.0004 yes
06/01/1999 SRP mg/L 0.0003 0.0004 no
06/09/1999 SRP mg/L 0.0022 0.0004 yes
06/23/1999 SRP mg/L 0.0027 0.0004 yes
06/23/1999 SRP mg/L 0.0023 0.0004 yes
06/28/1999 SRP mg/L 0.0026 0.0004 yes
07/06/1999 SRP mg/L 0.0023 0.0004 yes
07/14/1999 SRP mg/L 0.0022 0.0004 yes
07/19/1999 SRP mg/L 0.002 0.0004 yes
07/20/1999 SRP mg/L 0.0024 0.0004 yes
07/26/1999 SRP mg/L 0.0286 0.0004 yes
08/02/1999 SRP mg/L 0.0009 0.0004 yes
08/09/1999 SRP mg/L 0.0009 0.0004 yes
08/24/1999 SRP mg/L 0.0008 0.0004 no
08/25/1999 SRP mg/L 0.0006 0.0004 no
08/30/1999 SRP mg/L 0.0007 0.0004 no
09/20/1999 SRP mg/L 0.0002 0.0004 no
09/27/1999 SRP mg/L 0.0008 0.0004 no
09/27/1999 SRP mg/L 0.0004 0.0004 no
10/18/1999 SRP mg/L 0.0007 0.0004 no
10/20/1999 SRP mg/L 0.0008 0.0004 no
11/15/1999 SRP mg/L 0.0002 0.0004 no
11/17/1999 SRP mg/L 0.0011 0.0004 yes
12/13/1999 SRP mg/L 0.0014 0.0004 yes
12/15/1999 SRP mg/L 0.001 0.0004 yes
01/17/2000 SRP mg/L 0.0016 0.0004 yes
01/19/2000 SRP mg/L 0.0011 0.0004 yes
01/31/2000 SRP mg/L 0.0008 0.0004 no
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Exhibit G-4
Equipment Blank Data for the Porta-PSTAs, April 1999 to March 2000
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Analytical
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(>2x MDL)
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Blank Result
02/07/2000 SRP mg/L 0.001 0.0004 yes
02/16/2000 SRP mg/L 0.001 0.0004 yes
02/16/2000 SRP mg/L 0.001 0.0004 yes
02/21/2000 SRP mg/L 0.001 0.0004 yes
02/28/2000 SRP mg/L 0.001 0.0004 yes
03/07/2000 SRP mg/L 0.0005 0.0004 no
03/20/2000 SRP mg/L 0.0003 0.0004 no
03/27/2000 SRP mg/L 0.0006 0.0004 no
04/13/1999 TDP mg/L 0.002 0.001 no
04/19/1999 TDP mg/L 0.006 0.001 yes
04/19/1999 TDP mg/L 0.005 0.001 yes
04/26/1999 TDP mg/L 0.002 0.001 no
04/27/1999 TDP mg/L 0.001 0.001 no
04/27/1999 TDP mg/L 0.001 0.001 no
05/03/1999 TDP mg/L 0.0036 0.001 yes
05/03/1999 TDP mg/L 0.0046 0.001 yes
05/10/1999 TDP mg/L 0 0.001 no
05/10/1999 TDP mg/L 0 0.001 no
05/17/1999 TDP mg/L 0.0061 0.001 yes
05/17/1999 TDP mg/L 0.0042 0.001 yes
05/17/1999 TDP mg/L 0.0014 0.001 no
05/19/1999 TDP mg/L 0.0027 0.001 yes
05/25/1999 TDP mg/L 0.003 0.001 yes
05/25/1999 TDP mg/L 0.0021 0.001 yes
06/01/1999 TDP mg/L 0.0016 0.001 no
06/09/1999 TDP mg/L 0.0026 0.001 yes
06/23/1999 TDP mg/L 0.0032 0.001 yes
06/23/1999 TDP mg/L 0.0041 0.001 yes
06/28/1999 TDP mg/L 0.0007 0.001 no
07/06/1999 TDP mg/L 0.0001 0.001 no
07/14/1999 TDP mg/L 0.000 0.001 no
07/19/1999 TDP mg/L 0.0008 0.001 no
07/20/1999 TDP mg/L 0.0007 0.001 no
07/26/1999 TDP mg/L 0.0625 0.001 yes
08/02/1999 TDP mg/L 0.0005 0.001 no
08/09/1999 TDP mg/L 0.0024 0.001 yes
08/16/1999 TDP mg/L 0.0015 0.001 no
08/24/1999 TDP mg/L 0.0017 0.001 no
08/25/1999 TDP mg/L 0.0006 0.001 no
08/30/1999 TDP mg/L 0.0006 0.001 no
09/07/1999 TDP mg/L 0.0007 0.001 no
09/20/1999 TDP mg/L 0.000 0.001 no
09/27/1999 TDP mg/L 0.000 0.001 no
09/27/1999 TDP mg/L 0.000 0.001 no
10/04/1999 TDP mg/L 0.0006 0.001 no
10/11/1999 TDP mg/L 0.0059 0.001 yes
10/18/1999 TDP mg/L 0.0028 0.001 yes
10/20/1999 TDP mg/L 0.002 0.001 no
10/26/1999 TDP mg/L 0.0013 0.001 no
11/01/1999 TDP mg/L 0.0028 0.001 yes
11/08/1999 TDP mg/L 0.0037 0.001 yes
11/15/1999 TDP mg/L 0.0019 0.001 no
11/17/1999 TDP mg/L 0.002 0.001 no
11/22/1999 TDP mg/L 0.0016 0.001 no
11/30/1999 TDP mg/L 0.0016 0.001 no
12/06/1999 TDP mg/L 0.0039 0.001 yes
12/13/1999 TDP mg/L 0.0022 0.001 yes
12/15/1999 TDP mg/L 0.0017 0.001 no
12/20/1999 TDP mg/L 0.0036 0.001 yes
12/27/1999 TDP mg/L 0.0027 0.001 yes
01/03/2000 TDP mg/L 0.0019 0.001 no
01/10/2000 TDP mg/L 0.0028 0.001 yes
01/17/2000 TDP mg/L 0.0045 0.001 yes
01/19/2000 TDP mg/L 0.0017 0.001 no
01/25/2000 TDP mg/L 0.0027 0.001 yes
01/31/2000 TDP mg/L 0.0021 0.001 yes
02/07/2000 TDP mg/L 0.001 0.001 no
02/14/2000 TDP mg/L 0.004 0.001 yes
02/16/2000 TDP mg/L 0.001 0.001 no
02/21/2000 TDP mg/L 0.003 0.001 yes
02/28/2000 TDP mg/L 0.003 0.001 yes
03/07/2000 TDP mg/L 0.001 0.001 no
03/13/2000 TDP mg/L 0.0025188 0.001 yes
03/15/2000 TDP mg/L 0.0033846 0.001 yes
03/20/2000 TDP mg/L 0.0024883 0.001 yes
03/27/2000 TDP mg/L 0.0017308 0.001 no
04/13/1999 TP mg/L 0.004 0.001 yes
04/19/1999 TP mg/L 0.012 0.001 yes
04/19/1999 TP mg/L 0.013 0.001 yes
04/26/1999 TP mg/L 0.004 0.001 yes
04/27/1999 TP mg/L 0.004 0.001 yes
04/27/1999 TP mg/L 0.004 0.001 yes
05/03/1999 TP mg/L 0.0036 0.001 yes
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05/03/1999 TP mg/L 0.0036 0.001 yes
05/10/1999 TP mg/L 0.0002 0.001 no
05/10/1999 TP mg/L 0.0011 0.001 no
05/17/1999 TP mg/L 0.0153 0.001 yes
05/17/1999 TP mg/L 0.0135 0.001 yes
05/17/1999 TP mg/L 0.0172 0.001 yes
05/19/1999 TP mg/L 0.0042 0.001 yes
05/25/1999 TP mg/L 0.0158 0.001 yes
05/25/1999 TP mg/L 0.0039 0.001 yes
06/01/1999 TP mg/L 0.0032 0.001 yes
06/09/1999 TP mg/L 0.0019 0.001 no
06/23/1999 TP mg/L 0.0045 0.001 yes
06/23/1999 TP mg/L < 0.0001 0.001 no
06/28/1999 TP mg/L 0.0032 0.001 yes
07/06/1999 TP mg/L 0.001 0.001 no
07/14/1999 TP mg/L 0.000 0.001 no
07/19/1999 TP mg/L 0.0017 0.001 no
07/20/1999 TP mg/L 0.0017 0.001 no
07/26/1999 TP mg/L 0.002 0.001 no
08/02/1999 TP mg/L 0.0005 0.001 no
08/09/1999 TP mg/L 0.0005 0.001 no
08/16/1999 TP mg/L 0.0015 0.001 no
08/24/1999 TP mg/L 0.0017 0.001 no
08/25/1999 TP mg/L 0.0015 0.001 no
08/30/1999 TP mg/L 0.0015 0.001 no
09/07/1999 TP mg/L 0.0016 0.001 no
09/20/1999 TP mg/L 0.0017 0.001 no
09/27/1999 TP mg/L 0.0003 0.001 no
09/27/1999 TP mg/L 0.0011 0.001 no
10/04/1999 TP mg/L 0.0006 0.001 no
10/11/1999 TP mg/L 0.0045 0.001 yes
10/18/1999 TP mg/L 0.0037 0.001 yes
10/20/1999 TP mg/L 0.0028 0.001 yes
10/26/1999 TP mg/L 0.0013 0.001 no
11/01/1999 TP mg/L 0.0037 0.001 yes
11/08/1999 TP mg/L 0.0019 0.001 no
11/15/1999 TP mg/L 0.0056 0.001 yes
11/17/1999 TP mg/L 0.0037 0.001 yes
11/17/1999 TP mg/L 0.0029 0.001 yes
11/17/1999 TP mg/L 0.0029 0.001 yes
11/22/1999 TP mg/L 0.0025 0.001 yes
11/30/1999 TP mg/L 0.0025 0.001 yes
12/06/1999 TP mg/L 0.002 0.001 no
12/13/1999 TP mg/L 0.0022 0.001 yes
12/15/1999 TP mg/L 0.0038 0.001 yes
12/15/1999 TP mg/L 0.0021 0.001 yes
12/20/1999 TP mg/L 0.0029 0.001 yes
12/27/1999 TP mg/L 0.0045 0.001 yes
01/03/2000 TP mg/L 0.001 0.001 no
01/10/2000 TP mg/L 0.001 0.001 no
01/17/2000 TP mg/L 0.0036 0.001 yes
01/19/2000 TP mg/L 0.0026 0.001 yes
01/19/2000 TP mg/L 0.0008 0.001 no
01/19/2000 TP mg/L 0.0017 0.001 no
01/25/2000 TP mg/L 0.0027 0.001 yes
01/31/2000 TP mg/L 0.0036 0.001 yes
02/07/2000 TP mg/L 0.002 0.001 no
02/14/2000 TP mg/L 0.002 0.001 no
02/16/2000 TP mg/L 0.001 0.001 no
02/16/2000 TP mg/L 0.002 0.001 no
02/16/2000 TP mg/L 0.002 0.001 no
02/21/2000 TP mg/L 0.003 0.001 yes
02/28/2000 TP mg/L 0.004 0.001 yes
03/07/2000 TP mg/L 0.0050 0.001 yes
03/13/2000 TP mg/L 0.0025 0.001 yes
03/13/2000 TP mg/L 0.0025 0.001 yes
03/13/2000 TP mg/L 0.0025 0.001 yes
03/15/2000 TP mg/L 0.0061 0.001 yes
03/15/2000 TP mg/L 0.0025 0.001 yes
03/15/2000 TP mg/L 0.0034 0.001 yes
03/20/2000 TP mg/L 0.0016 0.001 no
03/27/2000 TP mg/L 0.0026 0.001 yes

Sediment TOXIKON 05/18/1999 DENSIT g/cm3 0.9 NA NA
06/21/1999 DENSIT g/cm3 0.967 NA NA
07/19/1999 DENSIT g/cm3 1.01 NA NA
08/26/1999 DENSIT g/cm3 0.978 NA NA
10/20/1999 DENSIT g/cm3 0.957 NA NA
11/17/1999 DENSIT g/cm3 0.96 NA NA
12/15/1999 DENSIT g/cm3 1.02 NA NA
01/19/2000 DENSIT g/cm3 0.99 NA NA
02/16/2000 DENSIT g/cm3 0.99 NA NA
03/13/2000 DENSIT g/cm3 0.99 NA NA
03/15/2000 DENSIT g/cm3 1 NA NA
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05/18/1999 SOLID % < 4 NA NA
06/21/1999 SOLID % 0 NA NA
07/19/1999 SOLID % 0 NA NA
08/26/1999 SOLID % 0 NA NA
10/20/1999 SOLID % 12 NA NA
11/17/1999 SOLID % 0.656 NA NA
12/15/1999 SOLID % < 4 NA NA
01/19/2000 SOLID % < 0 NA NA
02/16/2000 SOLID % 6 NA NA
03/13/2000 SOLID % 0 NA NA
03/15/2000 SOLID % 32 NA NA
05/18/1999 TKN mg/kg 0.114 0.04 yes
09/20/1999 TKN mg/kg < 10 10 no
09/29/1999 TKN mg/kg 0.1 0.1 no
12/15/1999 TKN mg/kg < 250 250 no
05/18/1999 TOC mg/kg < 1 1 no
09/20/1999 TOC mg/kg < 1 1 no
09/29/1999 TOC mg/kg < 1 1 no
12/15/1999 TOC mg/kg < 1 1 no
06/21/1999 VS % 0 0 no

IFAS 05/18/1999 TP mg/L 0.0107 0.001 no
07/19/1999 TP mg/L 0.001 0.001 no
08/26/1999 TP mg/L 0 0.001 no
09/29/1999 TP mg/L 0 0.001 no
09/29/1999 TP mg/L 0 0.001 no

Periphyton PPB 04/29/1999 ASH WT mg/L < 10 10 no
05/18/1999 ASH WT mg/L < 10 10 no
05/18/1999 ASH WT mg/L < 10 10 no
06/25/1999 ASH WT mg/L < 10 10 no
08/26/1999 ASH WT mg/L 30 10 yes
09/29/1999 ASH WT mg/L < 10 10 no
09/29/1999 ASH WT mg/L < 10 10 no
10/20/1999 ASH WT mg/L 10 10 no
11/17/1999 ASH WT mg/L < 10 10 no
12/14/1999 ASH WT mg/L < 10 10 no
12/15/1999 ASH WT mg/L < 10 10 no
02/16/2000 ASH WT mg/L < 10 10 no
03/13/2000 ASH WT mg/L < 10 10 no
03/15/2000 ASH WT mg/L 12 10 no
04/29/1999 ASH-FREE DRY WT mg/L < 10 10 no
05/18/1999 ASH-FREE DRY WT mg/L < 10 10 no
05/18/1999 ASH-FREE DRY WT mg/L < 10 10 no
06/25/1999 ASH-FREE DRY WT mg/L < 10 10 no
08/26/1999 ASH-FREE DRY WT mg/L < 10 10 no
09/29/1999 ASH-FREE DRY WT mg/L < 10 10 no
09/29/1999 ASH-FREE DRY WT mg/L < 10 10 no
10/20/1999 ASH-FREE DRY WT mg/L 40 10 yes
11/17/1999 ASH-FREE DRY WT mg/L < 10 10 no
12/14/1999 ASH-FREE DRY WT mg/L < 10 10 no
12/15/1999 ASH-FREE DRY WT mg/L < 10 10 no
02/16/2000 ASH-FREE DRY WT mg/L < 10 10 no
03/13/2000 ASH-FREE DRY WT mg/L 17 10 no
03/15/2000 ASH-FREE DRY WT mg/L 36 10 yes
04/29/1999 CHL_A ug/L < 1 1 no
05/18/1999 CHL_A ug/L 1.6 1 no
05/18/1999 CHL_A ug/L 2.5 1 yes
06/25/1999 CHL_A ug/L 3.2 1 yes
08/26/1999 CHL_A ug/L < 1 1 no
09/29/1999 CHL_A ug/L 12.5 1 yes
09/29/1999 CHL_A ug/L 6.9 1 yes
10/20/1999 CHL_A ug/L 1.6 1 no
11/17/1999 CHL_A ug/L 2.2 1 yes
12/14/1999 CHL_A ug/L 5.2 1 yes
12/15/1999 CHL_A ug/L 12.4 1 yes
02/16/2000 CHL_A ug/L 24.4 1 yes
03/13/2000 CHL_A ug/L 2.7 1 yes
03/15/2000 CHL_A ug/L 12.6 1 yes
04/29/1999 CHL_A corr ug/L < 1 1 no
05/18/1999 CHL_A corr ug/L < 1 1 no
05/18/1999 CHL_A corr ug/L < 1 1 no
06/25/1999 CHL_A corr ug/L < 1 1 no
08/26/1999 CHL_A corr ug/L < 1 1 no
09/29/1999 CHL_A corr ug/L 3.5 1 yes
09/29/1999 CHL_A corr ug/L 2 1 yes
10/20/1999 CHL_A corr ug/L < 1 1 no
11/17/1999 CHL_A corr ug/L < 1 1 no
12/14/1999 CHL_A corr ug/L 1.1 1 no
12/15/1999 CHL_A corr ug/L 2.5 1 yes
02/16/2000 CHL_A corr ug/L 7 1 yes
03/13/2000 CHL_A corr ug/L < 1 1 no
03/15/2000 CHL_A corr ug/L 1.2 1 no
05/18/1999 CHL_A Mono ug/L < 1 1 no
05/18/1999 CHL_A Mono ug/L < 1 1 no
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04/29/1999 CHL_B ug/L < 1 1 no
05/18/1999 CHL_B ug/L < 1 1 no
05/18/1999 CHL_B ug/L < 1 1 no
06/25/1999 CHL_B ug/L < 1 1 no
08/26/1999 CHL_B ug/L < 1 1 no
09/29/1999 CHL_B ug/L 3.1 1 no
09/29/1999 CHL_B ug/L 5.9 1 no
10/20/1999 CHL_B ug/L < 1 1 no
11/17/1999 CHL_B ug/L < 1 1 no
12/14/1999 CHL_B ug/L 1.3 1 no
12/15/1999 CHL_B ug/L 4.3 1 no
02/16/2000 CHL_B ug/L 10.9 1 no
03/13/2000 CHL_B ug/L < 1 1 no
03/15/2000 CHL_B ug/L 3.7 1 no
04/29/1999 CHL_C ug/L 1.2 1 no
05/18/1999 CHL_C ug/L < 1 1 no
05/18/1999 CHL_C ug/L < 1 1 no
06/25/1999 CHL_C ug/L < 1 1 no
08/26/1999 CHL_C ug/L 1 1 no
09/29/1999 CHL_C ug/L 8.8 1 no
09/29/1999 CHL_C ug/L 5.7 1 no
10/20/1999 CHL_C ug/L < 1 1 no
11/17/1999 CHL_C ug/L < 1 1 no
12/14/1999 CHL_C ug/L 3.1 1 no
12/15/1999 CHL_C ug/L 6.6 1 no
02/16/2000 CHL_C ug/L 12.4 1 no
03/13/2000 CHL_C ug/L 1.7 1 no
03/15/2000 CHL_C ug/L 5.8 1 no
04/29/1999 DRY WT mg/L < 10 10 no
05/18/1999 DRY WT mg/L < 10 10 no
05/18/1999 DRY WT mg/L < 10 10 no
06/25/1999 DRY WT mg/L < 10 10 no
08/26/1999 DRY WT mg/L 30 10 yes
09/29/1999 DRY WT mg/L < 10 10 no
09/29/1999 DRY WT mg/L < 10 10 no
10/20/1999 DRY WT mg/L 50 10 no
11/17/1999 DRY WT mg/L < 10 10 no
12/14/1999 DRY WT mg/L < 10 10 no
12/15/1999 DRY WT mg/L < 10 10 no
02/16/2000 DRY WT mg/L < 10 10 no
03/13/2000 DRY WT mg/L 27 10 no
03/15/2000 DRY WT mg/L 48 10 no
04/29/1999 PHEO_A ug/L < 1 1 no
05/18/1999 PHEO_A ug/L < 1 1 no
05/18/1999 PHEO_A ug/L < 1 1 no
06/25/1999 PHEO_A ug/L 1.8 1 no
08/26/1999 PHEO_A ug/L 1.8 1 no
09/29/1999 PHEO_A ug/L 1.3 1 no
09/29/1999 PHEO_A ug/L 3.7 1 no
10/20/1999 PHEO_A ug/L < 1 1 no
11/17/1999 PHEO_A ug/L 2.5 1 no
12/14/1999 PHEO_A ug/L 7.2 1 no
12/15/1999 PHEO_A ug/L 4.8 1 no
02/16/2000 PHEO_A ug/L < 1 1 no
03/13/2000 PHEO_A ug/L 2.9 1 no
03/15/2000 PHEO_A ug/L 4.6 1 no

TOXIKON 04/29/1999 CA mg/L 0.404 0.05 yes
04/29/1999 CA mg/L 1.34 0.05 yes
05/18/1999 CA mg/L 0.11 0.1 no
05/18/1999 CA mg/L 0.247 0.1 yes
06/24/1999 CA mg/L < 1 1 no
07/19/1999 CA mg/L < 1 1 no
08/26/1999 CA mg/L < 1 1 no
09/20/1999 CA mg/L < 1 1 no
09/29/1999 CA mg/L < 1 1 no
10/20/1999 CA mg/L < 1 1 no
11/17/1999 CA mg/L < 1 1 no
12/15/1999 CA mg/L < 1 1 no
01/19/2000 CA mg/L < 1 1 no
02/16/2000 CA mg/L < 1 1 no
03/13/2000 CA mg/L < 1 1 no
05/18/1999 TKN mg/L < 0.04 0.04 no
05/18/1999 TKN mg/L 0.054 0.04 no
09/20/1999 TKN mg/L < 0.1 0.1 no
09/29/1999 TKN mg/L 0.1 0.1 no
12/15/1999 TKN mg/L < 1 0.1 yes

IFAS 07/19/1999 TP mg/L 0.0008 0.001 no
08/26/1999 TP mg/L 0.0024 0.001 no
09/29/1999 TP mg/L 0.0006 0.001 no
10/20/1999 TP mg/L 0.002 0.001 no

NA = Not available at this time.
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APPENDIX H-1

Standard Operating Procedure Manual

The following standard operating procedures (SOPs) were followed for fieldwork at the
Porta-PSTA mesocosms and ENR South Test Cells from February 1999 to March 2000.

Standard Operating Procedure Page

Porta-PSTA Inflow/Outflow Calibration and System Flushing..............................................H-2

Porta-PSTA Water Quality Sampling ..........................................................................................H-3

Porta PSTA Periphyton and Sediment Collection Techniques.................................................H-5

Porta-PSTA Stem Count.................................................................................................................H-7

Porta-PSTA Sediment Trap Collection Technique .....................................................................H-8

Test Cell Water Quality Sampling................................................................................................H-9

Test Cell Water Level Recordings...............................................................................................H-11

Test Cell Periphyton and Sediment Sampling..........................................................................H-12

Field Readings ...............................................................................................................................H-14

Quarterly Non-Reactive Phosphorus Testing of Periphyton and Sediments ......................H-15

Sonde Calibration .........................................................................................................................H-16

Data Download, Meter Rotation, Programming and Maintenance.......................................H-18

Percent Cover ................................................................................................................................H-21

Snail Count.....................................................................................................................................H-22
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Porta-PSTA Inflow/Outflow Calibration and System Flushing
Equipment Required
500 mL graduated cylinders, stopwatch

Monday Calibrations
1. Record start time and staff gauge reading in spaces provided on Inflow Calibration and

Outflow Log fieldsheet for the Porta-PSTA that is being calibrated.

2. Using a graduated cylinder, collect outflow of the tank for 30 seconds. Double this value
to obtain flow in milliliter per minute (mL/min). Record value on fieldsheet.

3. Repeat at tank inflow. Record inflow value in mL/min in appropriate space provided on
fieldsheet.

4. Open inflow valve to flush line. Wearing latex glove, manually remove any excess algal
growth from spigot opening. Reduce flow and calibrate in same manner with graduated
cylinder and stopwatch to prescribed flow rate. Final inflows may vary by +/-20% from
prescribed flow rate. Record time at which final inflow was calibrated and recorded.

5. Repeat steps 1–4 for all tanks.

6. Final outflow readings are taken a minimum of 1 hour after final inflow calibrations are
made. Final outflow readings are preferentially taken the longest feasible time in the day
after final inflow calibrations are made. Record time at which final outflow was
recorded.

Thursday Calibrations and System Flushing
1. Follow steps 1–3 as for Monday Calibrations. Perform outflow recordings and initial

inflow recordings on all Porta-PSTAs without performing final inflow flushing and
calibration.

2. After completing initial outflow/inflow readings, flush the main line along fence that
carries water in from the canal. Open the valve to allow water to flow to slough outside
fence then immediately close the valve to prevent water flow to the Head Tank. Allow
water to flow freely until the water clears. Open valve to Head Tank, then close valve to
slough.

3. Open valve under Head Tank to flush accumulated sediments. Allow water to drain
until water clears. Close valve. Open valve of pipe leading from Head Tank to Porta-
PSTAs. Allow water to run freely until clears. Close valve.

4. Flush the lines (2) that run along the ground at Porta-PSTA inflows. Allow water to run
freely until water clears. Close valves.

5. After all system lines have been flushed, begin again with Step 4 as in Monday
Calibrations, flushing the Porta-PSTA inflow valve and calibrating to required flow rate.
It may be necessary at times to remove valve and clean with a brush.

6. Perform final outflow readings as in Monday Calibrations.
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Porta-PSTA Water Quality Sampling
Equipment Required
Appropriate sample bottles 0.45 µm filters, sulfuric acid, de-ionized water

1. Complete inflow/outflow calibration for all tanks to be sampled that day, minimize
contact with inflow and outflow pipes before sampling to avoid dislodging particles.

2. Rinse outflow tube with deionized (DI) water (Zephyrhills brand) to dislodge any loose
particles.

3. Sampling schedule is as follows:

Weekly Event Monthly Event Quarterly Event

Inflow - TP, TDP TP, TDP, Total N, NH3,
TKN, NO3/NO2, TOC,
Ca++, Alkalinity, TSS

Center - - TP, TDP, Total N, NH3,
TKN, NO3/NO2, TOC,
Ca++, Alkalinity, TSS

Outflow TP, TDP TP, TDP, Total N, NH3,
TKN, NO3/NO2, TOC,
Ca++, Alkalinity, TSS

TP, TDP, Total N, NH3,
TKN, NO3/NO2, TOC,
Ca++, Alkalinity, TSS

4. Note: Dissolved Reactive Phosphorus is sampled only at the Head Tank. Field duplicates
are taken at a rate of 1 per 10 samples; equipment blanks are taken at a rate of 1 per 20
samples. When taking a field duplicate, note sampling location and time in space
provided on the fieldsheet pertaining to that Porta-PSTA. Do not note location on field
duplicate bottles. Note time of collection of equipment blank(s) on Head Tank fieldsheet.

5. All sample bottles need to be completed with the following information: initials of
sample team, date, and time. Collection time is the same for all bottles filled at a
particular sampling station.

6. Take outflow sample first. Do not allow blue outflow tube to come in contact with
sample bottle. For those sample bottles that come pre-preserved, take care not to
overflow the sample bottle and dilute the preservative. Contrarily, the water sample
may be collected in a large bottle containing no preservative and aliquotted into the
smaller sample bottles.

7. When applicable, collect samples from center locations next. To collect these samples,
place inverted bottle under the water. At mid-depth, slowly turn the bottle upright to
allow water to enter, making an effort to cause as little disturbance as possible. At center
sample locations, it will be necessary to pour water from one of the bottles containing no
preservative into the pre-preserved bottles.
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8. Inflow samples should be collected last. Do not allow sample bottles to come in contact
with the inflow pipe.

9. Add 1 mL of H2SO4 to TP sample bottles as a preservative after sample collection. Cap
and invert bottles after acid addition to mix thoroughly.

10. Filter TDP samples prior to shipping. Filters are one-time use filters. Verify that the
Porta-PSTA number of the bottle being filtered from corresponds to the Porta-PSTA
number of the bottle being filtered into. After filtering, add 1 mL of H2SO4 to preserve.
Cap and invert bottles after acid addition to mix thoroughly. Water samples being
analyzed for DRP do not receive any preservative.

11. Write collection times from sample bottles on corresponding field collection sheets and
Chain of Custody sheets prior to shipping.

12. Place bottles in coolers lined with large garbage bags. Keep samples on ice until they are
ready to be shipped. Prior to shipping, add two bags of ice to each cooler, knot bags.
Tape chain of custody to inside lid of cooler. Tape cooler closed before shipping to
laboratory.
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Porta-PSTA Periphyton and Sediment Collection Techniques
Equipment Required
Standardized plastic sample ring, scissors, Ziplock bags (1 gallon), decontaminated buckets, plexi-
glass cylinder (0.53-foot diameter), pocket staff gauge, small cylinder (0.13-foot diameter) with cap,
appropriate sample collection bottles.

1. Determine a sample location using the random number tables that have already been
generated. The ‘X’ value for the tank is the tank width (1 meter) and the ‘Y’ value for the
tank is the tank length (6 meters). The sample location on the random number table is
written as an X/Y coordinate. The 0,0 coordinate is at the southwest corner of the tank.
Note the sample time on the data sheet.

2. Place the circle of plastic tubing on the water surface at the determined location. Using
scissors, cut all aquatic vegetation that falls inside the cylindrical plane created by the
plastic circle (plane extends above and below surface of the water). Place vegetation in a
plastic Ziplock bag, labeled with Porta-PSTA number, to be sent to the lab for dry
weight analysis. Note on data sheet if macrophytes were collected.

3. If a floating periphyton mat falls within the sample location, skim it off the water with
your hand and place it in decontaminated plastic bucket marked for that station. Note
on data sheet that floating mat was collected.

4. Take large plexi-glass cylinder and push it into the sediment at the same location where
vegetation was just cleared. Once water has cleared, determine if a periphyton benthic
mat exists. Measure water depth with pocket staff gauge and record on data sheet.

5. If a benthic mat exists, use your hand to skim mat off of the sediment. Try to get the
entire mat in one piece if possible, disturbing as little of the sediment as possible. If
shells or rocks are on bottom of the collected mat, remove them and place mat in
decontaminated bucket. If the mat cannot be collected in one piece, continue collecting
all other pieces until the entire mat is collected, again being careful to disturb as little
sediment as possible.

6. If no benthic mat is present or appears that it is not possible to collect mat by hand, use
the small cylinder cores to collect sample as follows. Place the small cylinder within the
large cylinder. Place the red cap on top of the small cylinder and tighten down, making
sure to only press the small cylinders approximately 2 centimeters (cm) into the
sediment. Slowly lift small cylinder off the bottom while placing your hand over the
bottom of the cylinder to keep sample from running out. Place contents of small cylinder
into decontaminated bucket. If small cores are used multiple times, place them in a
different area within the large cylinder each time (i.e., 12 o’clock, 3 o’clock, 6 o’clock, 9
o’clock). Record on data sheet the number of small cylinder cores collected.

7. After periphyton mat has been collected reach down with inverted sediment jar and
scoop sediment into the pre-labeled jar, making sure to only collect the top 10 cm of
sediment. After jar is filled, rinse it in the water within the large cylinder to send a
“clean” sample jar to the lab.
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8. Determine volume of periphyton collected as follows. In lab/trailer, place periphyton
into blender. Using a known volume of lab grade DI water, dilute sample up to a
measurable volume. Volume of periphyton sample is determined by subtracting amount
of water added to the blender from total measurable volume in the blender. After
volume of periphyton has been calculated, dilute sample to approximately 1,750 mL to
have sufficient sample to fill all six specimen bottles. Re-suspend sample before
aliquotting to specimen bottles.
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Porta-PSTA Stem Count
Equipment Required
Hand counter, ¼ square meter (m2) quadrat, PP-PAR, Stems, Cover Fieldsheet

Emergent stems are counted as part of the monthly sampling event in all Porta-PSTAs.

1. Each Porta-PSTA is effectively divided into thirds by two evenly spaced fiberglass cross
pieces that support the tank. Stems are counted in each third of the tank created by these
divisions. The fieldsheet notes Porta-PSTA thirds as North, Center, and South.

2. Count only live emergent stems. Record on fieldsheet species and number of stems per
species for each third of Porta-PSTA tank being examined. Use hand counter/clicker to
maintain an accurate count.

3. When stems are too dense to count visually, place the ¼ m2 quadrat over a
representative area. Count stems contained within the quadrat. Record raw number
with the notation of “x32” to indicate the quadrat was used for the count. Multiplying
the raw number by 32 will give the count equivalent to stems in the one-third-tank
division in Porta-PSTAs 1–22. Porta-PSTAs 23 and 24 are 18 m2 and, therefore, need to
be multiplied by a factor of 96 to achieve equivalence of one third of the tank when
employing the quadrat.
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Porta-PSTA Sediment Trap Collection Technique
Equipment Required
Sediment trap lids, graduated cylinders (10, 100, 250, and 1,000 mL), sediment sample bottles.

1. Place lid on sediment trap while trap is submerged.

2. If several sediment traps are collected at a time, keep those not being immediately
processed cold until they can be processed.

3. Wearing gloves, open container (some water may be lost, but little to no sediment will
be lost, <1%). Decant off as much water as possible without losing any sediment.

4. Leave a little water in the container to allow washers (weights) to be rinsed off.

5. Remove any extraneous debris, such as snails, rocks, shells, or large pieces of plant
material. Rinse any associated sediment from debris back into container.

6. Quantitatively transfer sediment/water slurry into graduated cylinder, scraping any
sediment adhering to bottom or sides of container into cylinder.

7. Let settle 10–20 minutes.

8. Make note of total volume in cylinder (water plus sediment) and volume of the settled
sediment only.

9. Decant off as much water as possible from cylinder and then let settle another
5-10 minutes (repeat this step if necessary).

10. Record final total volume and sediment volume in cylinder on data sheet.

11. Quantitatively transfer sediment/water slurry into 250 mL jar. If necessary, use squeeze
bottle of lab grade DI water to rinse any material adhering to cylinder into specimen jar.

12. Place sample into cooler and keep on ice until all samples are ready to be shipped.

13. Items recorded on data sheet include: date, start time, PSTA number, sediment volume,
total volume, and stop time.
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Test Cell Water Quality Sampling
Equipment Required
10-foot PVC pole with Velcro tape, appropriate sample bottles, filters, sulfuric acid, DI water

All sample bottles need to be completed with the following information: initials of sample
team, date, and time. Collection time is the same for all bottles filled at a particular sampling
station.

Head Cell
1. Use pocket staff gauge to obtain a total depth. Water samples are collected at mid-depth.

Take a sample bottle containing no preservative and secure it to the PVC sampling pole
using the Velcro tape. Plunge the bottle down to mid-depth level and allow it to fill. Fill
other sample bottles from the one secured to the pole; plunge as many times as
necessary to fill all bottles. Avoid overfilling pre-preserved bottles to prevent loss of
preservative.

Test Cells
1. Proceed to outflow of Test Cell. Secure labeled bottle to the PVC sample pole and lower

to collect water over the weir ‘v-notch’. Fill remaining bottles from one secured to the
pole.

2. Sampling schedule is as follows:

Weekly Event Monthly Event Quarterly Event

Inflow - TP, TDP TP, TDP, Total N, NH3, TKN,
NO3/NO2, TOC, Ca++,
Alkalinity, TSS

1/3 Walkway - - TP, TDP, Total N, NH3, TKN,
NO3/NO2, TOC, Ca++,
Alkalinity, TSS

2/3 Walkway - - TP, TDP, Total N, NH3, TKN,
NO3/NO2, TOC, Ca++,
Alkalinity, TSS

Outflow TP, TDP TP, TDP, Total N, TKN,
NO3/NO2, TOC, Ca++,
Alkalinity, TSS

TP, TDP, Total N, NH3, TKN,
NO3/NO2, TOC, Ca++,
Alkalinity, TSS

Head Cell TP, TDP, DRP TP, TDP, DRP, Total N,
NH3, TKN, NO3/NO2,
TOC, Ca++, Alkalinity,
TSS

TP, TDP, DRP, Total N, NH3,
TKN, NO3/NO2, TOC, Ca++,
Alkalinity, TSS

3. Note: Field duplicates are taken at a rate of 1 per 10 samples; equipment blanks are taken
at a rate of 1 per 20 samples. When taking a field duplicate, note sampling location and
time in space provided on the fieldsheet pertaining to that Test Cell. Do not note location
on field duplicate bottles. Note time of collection of equipment blank(s) on Head Cell
fieldsheet.
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4. To collect water from the walkways, lower inverted bottle (containing no preservative)
into water column to mid-depth. Slowly turn bottle upright allowing water to enter
bottle, being careful to cause as little disturbance as possible. Fill preserved bottles from
water sample collected in bottle containing no preservative.

5. To sample inflow water, remove black plastic inflow pipe from brass orifice. Hold bottle
in front of outflow stream until full. The inflow water stream flows at a high rate,
therefore bottles containing preservative should be filled from bottles containing no
preservative.

6. Add 1 mL of H2SO4 to TP sample bottles as a preservative after sample collection. Cap
and invert bottles after acid addition to mix thoroughly.

7. Filter TDP samples prior to shipping. Filters are one-time use filters. Verify that the Test
Cell number of the bottle being filtered from corresponds to the Test Cell number of the
bottle being filtered into. After filtering, add 1 mL of H2SO4 to preserve. Cap and invert
bottles after acid addition to mix thoroughly. Water samples being analyzed for DRP do
not receive any preservative.

8. Write collection times from sample bottles on corresponding field collection sheets and
Chain of Custody sheets prior to shipping.

9. Place bottles in coolers lined with large garbage bags. Keep samples on ice until they are
ready to be shipped. Prior to shipping, add two bags of ice to each cooler, knot bags.
Tape chain of custody to inside lid of cooler. Tape cooler closed before shipping to
laboratory for analysis.
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Test Cell Water Level Recordings
Equipment Required
Pocket staff gauge, Test Cell Water Elevation Data fieldsheet

Head Cell
1. Read the staff gauge located on north edge of cell, and record value on Test Cell Water

Elevation Data fieldsheet along with date and time.

Test Cells
1. Water level recorders are located at ends of east and west walkways of Test Cells in

housing boxes. Read the value from tape in housing box (marked in 0.01-foot
increments) at both the east and the west recorders; record time and values in
appropriate slots of data sheet.

2. At the weir outflow box, read the weir height from the white PVC pole, marked in
0.1-foot increments. Use staff gauge to record in 0.01-foot increments. Record on Test
Cell Water Elevation Data fieldsheet.

3. The weir box staff gauge is attached to the wall below the grate inside the weir box.
Read the weir box staff gauge (it may be necessary to climb down into weir box to clean
algae off gauge), marked in 0.01-foot increments. Record value on fieldsheet.

4. Use the pocket staff gauge to measure the height of the white PVC pole above the metal
grate; record value on data sheet.

5. Read the volume of water moving over the v-notch denoted by the rubber stopper
within the clear tube above the white PVC pole. The value is read at the bottom of the
rubber indicator and must be read directly at eye level for an accurate measurement.
Record value on data sheet.

6. Read staff gauge located at west end of Test Cells. Read and record staff gauge in
0.01-foot increments.

7. Repeat Test Cell recording procedures 1–5 at all Test Cells.
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Test Cell Periphyton and Sediment Sampling
Equipment Required
Standardized plastic sample ring, scissors, Ziplock bags (1 gallon), decontaminated buckets, plexi-
glass cylinder (0.53-foot diameter), pocket staff gauge, small cylinder (0.13-foot diameter) with cap,
soil corer auger, appropriate sample collection bottles.

1. Sampling location along walkway is determined using random number tables. The
distal end of the walkway is the random unit of ’50’; each walkway division is
considered a unit of ’10.’  Periphyton samples are collected on the east side of the
walkway, and soil samples are collected on the west side of the walkway. Record start
time on the data sheet.

2. Once a sample location has been selected, place the circle of plastic tubing on the surface
of the water. Place the circle of plastic tubing on the water surface at the determined
location. Using scissors, cut all aquatic vegetation that falls inside the cylindrical plane
created by the plastic circle (plane extends above and below surface of the water). Place
vegetation in a plastic Ziplock bag, labeled with Test Cell number, to be sent to the lab
for dry weight analysis. Note on data sheet if macrophytes were collected.

3. If a floating periphyton mat falls within the sample location, skim it off the water with
your hand and place it in decontaminated plastic bucket marked for that station. Note
on data sheet that floating mat was collected. A small piece of floating mat needs to be
placed in a labeled sample jar for taxonomy identification (no preservative added).

4. Take large plexi-glass cylinder and push it into the sediment at the same location where
vegetation was just cleared. Once water has cleared, determine if a periphyton benthic
mat exists. Measure water depth with pocket staff gauge and record on data sheet.

5. If a benthic mat exists, use your hand to skim mat off of the sediment. Try to get the
entire mat in one piece if possible, disturbing as little of the sediment as possible. If
shells or rocks are on bottom of the collected mat, remove them and place mat in
decontaminated bucket. If the mat cannot be collected in one piece, continue collecting
all other pieces until the entire mat is collected, again being careful to disturb as little
sediment as possible.

6. If no benthic mat is present or appears that it is not possible to collect mat by hand, use
the small cylinder cores to collect sample as follows. Place the small cylinder within the
large cylinder. Place the red cap on top of the small cylinder and tighten down, making
sure to only press the small cylinders approximately 2 cm into the sediment. Slowly lift
small cylinder off the bottom while placing your hand over the bottom of the cylinder to
keep sample from running out. Place contents of small cylinder into decontaminated
bucket. If small cores are used multiple times, place them in a different area within the
large cylinder each time (i.e., 12 o’clock, 3 o’clock, 6 o’clock, 9 o’clock). Record on data
sheet the number of small cylinder cores collected.

7. Determine volume of periphyton collected as follows. In lab/trailer, place periphyton
into blender. Using a known volume of lab grade DI water, dilute sample up to a
measurable volume. Volume of periphyton sample is determined by subtracting amount
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of water added to the blender from total measurable volume in the blender. After
volume of periphyton has been calculated, dilute sample to approximately 1,750 mL to
have sufficient sample to fill all six specimen bottles. Re-suspend sample before
aliquotting to specimen bottles.

8. Sediment sample locations are also determined using random number tables and are
collected on the west side of the walkway. Sediment samples are collected using the soil
corer auger. The auger is rotated 10 cm deep into the sediments. The sediment is then
removed from the auger, using a plastic spoon if necessary, and placed in a decontami-
nated bucket. Multiple cores may need to be collected to provide sufficient volume for
all sampling jars. Before aliquotting sediment to respective labeled jars, blend cores for
an even mixture. Record number of cores collected at each station on the data sheet.
Record location of any field duplicates on data sheet pertaining to that Test Cell (do not
write Test Cell location on field duplicate jars).
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Field Readings
Equipment Required
Surveyor 4 unit, connecting cable, Sonde calibration supplies

1. Retrieve Sonde from Porta-PSTA or Test Cell. Record time and date that Sonde was
retrieved for field readings on the meter rotation log.

2. Calibrate Sonde following standard field procedures.

3. Field readings are taken on water sampling days. See table below for meter reading
schedule. Field readings are also taken at both the Head Cell and Head Tank with each
event.

Meter Reading Location Per Sampling Event
Weekly Event Monthly Event Quarterly Event

Porta-PSTAs Inflow
Outflow

Inflow
Center
Outflow

Inflow
Center
Outflow

Test Cells Inflow
Outflow

Inflow
1/3 walkway
2/3 walkway
Outflow

Inflow
1/3 walkway
2/3 walkway
Outflow

4. Field readings are most accurately taken beginning at the outflow and proceeding
‘upstream.’  Place the meter into the water at approximately mid-depth at each station.

5. Allow meter to stabilize for approximately 1 minute before taking reading.

6. Record appropriate information from the Surveyor 4 unit onto data sheet and proceed
to next station.

7. Upon completion of all field readings, replace Sonde back in its appropriate tank
according to the meter rotation. Record time and date of deployment on the meter
rotation log.
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Quarterly Non-Reactive Phosphorus Testing of Periphyton and
Sediments
Materials Required
Decontaminated buckets, 250 mL widemouth sediment packer jar, spoon, 10% HCl, Publix-grade DI
water, aluminum foil.

To decontaminate buckets, rinse with dilute (10% HCl). Triple rinse buckets with Publix-
grade de-ionized water. Allow to air dry and cover with aluminum foil.

Sediment Composite Sampling
1. Collect a sediment sample from designated sampling location of Porta-PSTA mesocosm

(or Test Cell) and place in decontaminated bucket. Sampling locations for the Porta-
PSTAs are determined from the random number tables that have already been
generated. The ‘X’ value for the tank represents width (1 meter) and the ‘Y’ value for the
tank is length (6 meters). The sample location on the random number table is written as
an X/Y coordinate. The 0,0 coordinate is the southwest corner of the tank. The random
number for the Test Cells sampling location represents location along the walkway, 50
denoting distal end of walkway. Periphyton samples are taken on the east side of the
walkway, soil samples on the west side of the walkway. Note the sample time on the
data sheet.

2. Collect approximately equivalent amounts of sediment from each of the Porta-PSTA
mesocosms (or Test Cells, if applicable) comprising same treatment regime.

3. Thoroughly mix composite sample either by swirling or with a spoon if necessary.

4. Remove sample to be sent for testing from this mixed composite and place in labeled
sediment packer jar. Note time collected on appropriate datasheet.

5. Ship to appropriate testing facility.

Periphyton Composite Sampling
1. Collect a small amount (up to 70 mL) of periphyton from Porta-PSTA mesocosm (or Test

Cell). Note on datasheet pertaining to that mesocosm (Test Cell) if sampled periphyton
is floating, benthic, or if both are sampled. Place periphyton specimen(s) in labeled
sediment packer jar.

2. Note: Unlike periphyton sampling for monthly events, sampling periphyton for the
composite NRP analysis is not limited to the area designated by the random number
X/Y coordinate. Obtain a small sample of periphyton from any available location within
the Porta-PSTAs for each treatment. Note on fieldsheet whether periphyton is benthic,
floating, or epiphytic.

3. Collect periphyton from other mesocosms (or Test Cells, if applicable) within the same
treatment protocol and add to the labeled jar. Note final time on appropriate datasheet.

4. Ship to appropriate facility.
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Sonde Calibration
Equipment Required
Lab-grade deionized DI water; drinking water, pH standards 7 and 10, specific conductivity buffer
standard, Hydrolab Surveyor 4 unit.

1. Retrieve Sonde from Test Cell or Porta-PSTA (if this Sonde is to be used for field
measurements, mark Sonde ID number and time retrieved on Field Rotation Sheet). For
all Sonde Meter Rotation and calibration events, note Sonde number and location from
which Sonde was retrieved on Calibration datasheet.

2. Attach cable connecting Sonde to Surveyor 4; make sure all connections are tight.

Dissolved Oxygen Calibration
1. Unscrew weighted cap protecting sensors and replace with a MiniSonde cup, with lid in

place, filled halfway with drinking water. The appropriate amount of water is such that,
with the Sonde vertically oriented with the sensors pointing up, the water line should be
just level with the O-ring that secures the Dissolved Oxygen (DO) membrane.

2. With the Sonde in the upright position, loosen cap completely. Check that no water
droplets are present on the DO membrane; if droplets are present, blot gently with a
clean cloth and replace cap loosely.

3. From the Surveyor 4 unit, record DO (in milligrams per liter [mg/L]), DO %, and
temperature pre-calibration readings.

4. Select Sonde.

5. From the displayed menu, highlight DO % and press Select.

6. Verify, or enter the current value as 760 mm Hg and press Done.

7. The Surveyor 4 unit should beep and give the message, “Calibration Successful!” and
prompt to press any key to return. The “Go Back” key must then next be depressed to
return the field displaying all parameters being measured.

8. Re-read DO, % DO, and temperature, and note in post-calibration section of the Meter
Calibration sheet.

9. Tighten cap on MiniSonde cup and remove cup from probe.

Specific Conductivity
1. Rinse probe with DI water and place in Specific Conductivity buffer. Record pre-

calibration reading.

2. Select Sonde.

3. From the displayed menu, highlight SpCond mS/cm and press Select.

4. Verify, or enter calibration units to 1.00 and select Done.

5. The Surveyor 4 unit should beep and give the message, “Calibration Successful!” and
prompt to press any key to return. The “Go Back” key must then next be depressed to
return the field displaying all parameters being measured.
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6. Re-read Specific Conductivity and note in post-calibration section of the Meter
Calibration sheet along with temperature.

pH Calibration
1. Rinse MiniSonde probe with DI water and place in pH buffer standard 10; record pre-

calibration reading.

2. Rinse probe with DI water and place in pH buffer standard 7; record pre-calibration
reading.

3. Select Sonde.

4. From the displayed menu, highlight pH: Units and press Select.

5. Verify, or enter calibration units to 7.00 and select Done.

6. The Surveyor 4 unit should beep and give the message, “Calibration Successful!” and
prompt to press any key to return. The “Go Back” key must then next be depressed to
return the field displaying all parameters being measured.

7. Re-read pH and note in post-calibration section of the Meter Calibration sheet.

8. Rinse probe with DI water and place in pH buffer standard 10.

9. Select Sonde.

10. From the displayed menu, highlight pH: Units and press Select.

11. Verify, or enter calibration units to 10.00 and select Done.

12. The Surveyor 4 unit should beep and give the message, “Calibration Successful!” and
prompt to press any key to return. The “Go Back” key must then next be depressed to
return the field displaying all parameters being measured.

13. Re-read pH and temperature and note in post-calibration section of the Meter
Calibration sheet along with time.

14. Rinse probe with DI water after all calibrations are complete.
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Data Download, Meter Rotation, Programming and Maintenance
Equipment Required
Laptop computer, Surveyor 4 unit, connector cables, recharged batteries, allen wrench (9/64 in),
paper towels, and any other material necessary to clean Sonde.

Head Cell Sonde with Internal Data Logger
1. Remove Sonde from Head Cell. Visually inspect Sonde, checking that the dissolved

oxygen (DO) membrane is intact, the circulator free of algae and sensors clean; clean
gently as necessary per instructions in Minisonde User’s Manual. Loosen screws holding
battery cap on either side of the Sonde with allen wrench.

2. Pull off battery cap and replace with charged batteries before attempting Data
Download Calibration and Programming. Replace battery cap and screws.

3. Connect Sonde to laptop computer. From the desktop menu, select Shortcut to Series 4.

4. From the Menu bar, select the pull down menu Connect; choose Capture Data to a File.

5. Select Unattended log file.

6. Select the file to download from the scroll menu. Go to Transfer file.

7. Select Do Transfer (verify data are downloading to the appropriate file).

8. After transferring the data, select Done (there is a computer prompt when the file has
finished transferring).

9. Open transferred file to verify all data downloaded properly.

Programming the Sonde with Surveyor 4
1. From the main menu in Surveyor 4  go to Files and select Create. Delete old files as

necessary to create memory space.

2. When prompted for a name, enter the name of the new file.

3. Enter the start time in the format mm/dd/yy.

4. Enter the stop time in the format mm/dd/yy.

5. Enter Data to be sampled every 65 seconds.

6. Enter sensor cycle of 120.

7. Enter parameters to be added (temperature, TSS, pH, Conductivity, DO %, DO [mg/L]).

8. Enter audio Off (0 = off).

9. The surveyor will prompt for new file information.
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Programming the Sonde with Laptop Computer
1. From the File menu go to Create File. Name the new file.

2. Add parameters (temperature, TSS, pH, Conductivity, DO %, DO [mg/L].)

3. Add sensors cycle of 120.

4. Sample time every 65 seconds.

5. Enter Audio Off (0 = off).

6. Enable the file.

7. Click done.

Downloading Data from Sonde with External Data Logger
1. Retrieve Sonde and data logger from Test Cell or Porta-PSTA; record time and date of

retrieval on meter rotation fieldsheet.

2. Calibrate Sonde following standard field procedures.

3. Connect laptop to white data logger box using cable.

4. Open PC208w 3.0 program on the computer.

5. Select the menu item Connect.

6. Make sure the “Prompt for data file name” box is checked and select  Collect All.

7. Message box will appear with the path the file will be saved as. Select Browse and note
saving location. Name the file in the format using Test Cell number or Porta-PSTA and
download date (e.g. TC8W0309.dat or PP030900.dat).

8. Select the file name and path then press “OK.”  A status bar will appear displaying
percent downloaded as the file is recorded.

9. When the status bar shows 100% collected, disconnect and open the file in Notepad.
Verify data downloaded successfully. Record name of file along with time and date of
download onto the meter rotation log.

10. Rotate Sonde into next Test Cell or Porta-PSTA. Sondes move in an ascending rotation
in Test Cells (TC3, TC8 to TC13 then back to TC3). Keep  Sonde with the proper data
logger (i.e., Sonde 4 stays with data logger 1). Record the time and date of deployment
as well as depth on the meter rotation fieldsheet. Sondes are deployed at mid-water
depth in the Test Cell and Porta-PSTAs. Record depth from the surface of the sediment
(bottom) to the location of the Sonde sensors.

11. Each of the three Porta-PSTA Sondes is assigned to a rotation of eight tanks. Make sure
to keep the proper Sonde rotating in an ascending order though its assigned tanks. Also
keep the proper sonde with the proper data cable (data cables are marked with zipties
corresponding to the Sonde ID number). Record the time and date of deployment as
well as the depth on the meter rotation log.
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12. Temperature probes and the photosynthetically active radiation (PAR) meter are rotated
on the same designated days with the Sondes at the Porta-PSTAs. These meters move
though the 24 tanks in a descending rotation (PP24, PP23, etc.).

13. Record the time and date of retrieval, move the meter to the next tank in the rotation
and record the time and date of deployment as well as the depth onto the meter rotation
fieldsheet.
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Percent Cover
Equipment Required
Fieldsheet for Percent Cover for Porta-PSTA or for Test Cells

Percent cover estimates are performed as part of the monthly sampling event.

1a. Each Porta-PSTA is effectively divided into thirds by two evenly spaced fiberglass cross
pieces that support the tank. Percent cover is estimated in each third of the tank created
by these divisions. The fieldsheet notes Porta-PSTA thirds as North, Center, and South.

1b. Each Test Cell is also effectively divided into thirds by the metal walkways. East of the
eastern walkway is Zone A, between the two walkways is Zone B, and west of the west
walkway is Zone C.

2. Characterize each third individually. Percent cover is estimated by visually assessing
total surface area comprised of plant material compared with the entire third. Plant
shading does not enter into the estimate, only that percent physically assumed by the
plant.

3. Each third is assessed for Blue-Green Algal Mat, Green Algal Mat, Floating Aquatic
Plants, Submerged Aquatic Plants, and Emergent Macrophytes. An “Other” column is
provided for any additional observations.

4. Each assessment is keyed with the following values to represent percent coverage:

1= <1%
2= 1-5%
3= 5-10%
4= 10-25%
5= 25-50%
6= 50-75%
7= 75-90%
8= 90-95%
9= 95-99%
10= >99%

5. A list of plant types making up the percent cover is written in space provided on the
fieldsheet corresponding to each percent cover assessment.
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Snail Count
Equipment required
Ziploc bags, hand counter, permanent marker

1. For each Porta-PSTA, remove all snails seen.

2. Place snails in Ziploc bag labeled with Porta-PSTA number and date.

3. Record number and snail type on sheet of paper and in Field Notebook. Snails are
typically of two types: Helisoma, with spiral round shell, and Physa, a smaller snail with
conically shaped shell and spirals more noticeable toward tip of shell.

4. Double-bag snails particularly if a large amount have been collected.

5. Place snails in freezer until can be shipped for analysis.
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APPENDIX H-2

Key Date Summary

Dates of key activities conducted at the Porta-PSTAs and PSTA Test Cells are provided
below for the study period from January 1999 to March 2000.

January 1999
• 01-05-99: Filled Porta-PSTAs with soils. Planted Eleocharis cellulosa into Porta-PSTAs (two

to three plant clumps per square meter).

• 01-06-99: Placed WCA-2A periphyton/bladderwort mix in all Test Cells and in all Porta-
PSTA tanks except PP-21 and 22.

• 01-07-99: Installed aluminum scaffold boardwalks in Test Cells.

• 01-08-99: Porta-PSTAs filled to 50 cm.

• 01-12-99: Valves opened at Test Cells. Weirs raised to 15.5 ft. national geodetic vertical
datum (NGVD).

• 01-13-99: Porta-PSTAs 1, 4, 9, 10, 23, and 24 drained and repaired for leaks.

• 01-14-99: Water turned on at Porta-PSTAs 1, 4, 10, 12, 23, and 24 to bring up water level.
Water to all Porta PSTAs turned off at end of day. Test Cell weirs adjusted to 16.0 ft.
NGVD.

• 01-20-99: Staff gauges installed in Porta-PSTAs. Porta-PSTAs filled and flows turned off
at end of day for leak testing. Weir heights of all Test Cells raised to 16.5 ft. NGVD.

• 01-27-99: Test Cell weir heights lowered to 15.5 ft. NGVD. Flow to Porta-PSTA 7 turned
on for preliminary tracer study (250 mL/min).

February 1999
• 02-20-99: Plant material and substrate removed from Porta-PSTAs 16, 19, 20, and 21 for

leak repairs.

• 02-12-99: All Test Cell weir heights raised to 16.5 ft. NGVD.

• 02-17-99: Weir height in Test Cell 8 lowered to 16.2 ft. NGVD for feldspar deployment.

• 02-18-99: Weir height in Test Cell 8 raised to 16.5 ft. NGVD. Fiberglass repair crew
replaced Porta-PSTAs 20 and 21; inflows to these tanks began. Porta-PSTAs 16 and 19
removed for repair by fiberglass repair crew.

• 02-22-99: Adjusted Test Cell weir heights to 16.05 ft. NGVD in TC-3, 16.12 ft. NGVD in
TC-8, and 16.3 ft. NGVD in TC-13 to try to reach goal of 16.5 ft. on staff gauge.
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March 1999
• 03-03-99: Substrate removed from Porta-PSTA 2 for leak repair. Porta-PSTAs 1, 3, 16,19,

and 22 filled. Inflow to Head Tank stopped because of canal treatment.

• 03-17-99: Flow to Head Tank resumed. All Porta-PSTAs filled.

• 03-18-99: All Porta-PSTAs filled and valves then closed except PP-23.

• 03-19-99: Porta-PSTA 23 and Head Tank flows stopped. Feldspar deployed at end of east
walkway in TC-13.

• 03-23-99: Porta-PSTAs 19 and 20 drained and sand substrate added, then macrophytes
planted. Tanks refilled. Porta-PSTAs 16, 21, 23 and 24 drained.

• 03-24-99: Shellrock added to Porta-PSTA 16, peat added to Porta-PSTA 21. Macrophytes
planted in Porta-PSTA 16 and water levels increased in both tanks.

• 03-25-99: Shellrock added to Porta-PSTA 23. Plants added and flow restarted. Test Cell 3
weir lowered to 16.0 ft. NGVD.

• 03-29-99: Water not flowing from Head Cell to Test Cells; sampling event postponed
until next day.

April 1999
• 04-01-99: Porta-PSTA 2 replaced with new tank. Supplemental Braces installed on PP-23

and 24; PP-7, 10, 11, 13, and 14 re-glassed with new braces along rib. Shellrock substrate
added to PP 2 and replanted with spike rush.

• 04-02-99: Outflow pipes on PP-3 and 7 changed to 30 cm height. Outflow pipe missing
from PP-1 so pipe from PP 23 moved to PP 11. Silicon cement used to fix leaking outflow
points on PP-12, 13, and 14.

• 04-03-99: Added outflow pipe to PP-23 and started inflow. Reduced inflows on Porta-
PSTAs 1–22 to the 45 setting on the inflow valve; PP-24 flow reduced. Inflow to Head
Tank reduced to avoid overflow. Cleaned outflow tube on PP-3 to keep tank from
overfilling.

• 04-07-99: Lowered water in PP-4 for leak repair.

• 04-08-99: Raised outflow point on PP-11 and 18 to the 60-cm level.

• 04-09-99: Turned off flows to PP-4, 7, 11, 18, and 20 for leak test. Lowered weir in TC-3
by 1.875 in., TC-8 by 1 in., and TC-13 by 1 in.

• 04-12-99: Restarted flows to tanks 4, 7, 11, 18, and 20 after leak test.

• 04-17-99: Changed outflow level in PP-1, 6, and 15 from 60 cm to 30 cm and flows
reduced to 170 mL/min.

• 04-19-99: Lowered outflow point in PP-18 to 30 cm. Lowered weir in TC-3 to 15.3 ft.
NGVD.
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• 04-22-99: Lowered weir in TC-3 to a height above grate of 10.5 in.

• 04-23-99: Drained PP-18 for repairs.

• 04-24-99: Flow shut off and water level dropped in PP-4 to fix leak.

• 04-27-99: Lowered weirs in TC-8 and 13 by 0.10 ft.

• 04-30-99: Set weir for TC-3 to 15.3 ft. NGVD.

May 1999
• 05-04-99: Raised weir in TC-8 from 15.70 ft to 15.75 ft. NGVD.

• 05-05-99: Raised weir in TC-3 by 0.3 tenths and in TC-8 by 0.5 tenths.

• 05-17-99: Pump transporting water to Head Tank at Porta-PSTAs stopped.

• 05-18-99: Repaired pump to Head Tank at Porta-PSTAs, flow resumed.

• 05-24-99: Leak in PP-11 caused water levels to drop, no sample collected.

• 05-27-99: Raised weir in TC-13 to 16.2 ft. NGVD in an attempt to reach cell water depth
of 16.5 ft. NGVD. All Porta-PSTAs except PP-23 and 24 partially drained for repairs and
feldspar addition.

• 05-29-99: Replaced drain plugs and outflow drains in all Porta-PSTAs, then filled all
tanks back to operational level. Flow to TC-3 shut off for approximately 2 hours for
repairs.

June 1999
• 06-01-99: Lowered water level in PP-22 to repair leak.

• 06-02-99: Repaired leak in PP-22.

• 06-03-99: Raised outflow points in PP-1, 6, and 15 to 60 cm level and set flows to
320 mL/min.

• 06-09-99: Flow to Porta-PSTA Head Tank stopped between 15:00 to 15:30, Head Tank
dry.

• 06-10-99: Raised outflow levels of tanks 1, 6, and 15 to 70 cm. Pump to Porta-PSTA Head
Tank still not operational.

• 06-11-99: Set up temporary pump and garden hose to supply water to Porta-PSTA Head
Tank over the weekend.

• 06-17-99: Installed new larger temporary pump to supply water to Porta-PSTA Head
Tank. District pumps still not operational.

• 06-18-99: Flow to Head Tank from temporary pump too low. Assembled new inflow
tube for hose to keep it from clogging. Flow to Head Tank via temporary pump restored.
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• 06-21-99: Temporary pump to Head Tank lost prime over the weekend. Re-established
flow to Head Tank at 08:45.

• 06-22-99: District pumps that supply water to Porta-PSTA Head Tank back online.

• 06-28-99: District pumps to Porta-PSTA Head Tank not functioning. Temporary pump
still working, Head Tank has water, all Porta-PSTAs have flow.

July 1999
• 07-01-99: Increased flows in PP-1, 6, and 15 to 370 mL/min. District pump started up

and began adding water to Head Tank.

• 07-15-99: District pump to Porta-PSTA Head Tank not running. Temporary pump
running fine, Head Tank full.

• 07-21-99: District pump to Porta-PSTA Head Tank not running.

• 07-26-99: District pump to Porta-PSTA Head Tank still not running.

• 07-29-99: District pump to Porta-PSTA Head Tank ran on and off during the day.

August 1999
• 08-02-99: District pump to Porta-PSTA Head Tank up and running.

• 08-03-99: Removed small temporary Porta-PSTA Head Tank pump from canal since
district pump is online.

• 08-05-99: District pump down for repairs, back online at 12:45. Set inflows for tanks 1, 6,
and 15 to 430 mL/min. Pulled 11 cattail seedlings from PP-11.

September 1999
• 09-02-99: Raise weir in TC-3 from 16.65 ft. NGVD to new height of 16.8 ft. NGVD.

• 09-10-99: Changed orifice on TC-3 to 1.5 in.

October 1999
• 10-01-99: Adjusted inflow pipe on TC-13 because it had been leaking water. Repaired it

so that water is flowing through distribution pipe once again.

• 10-07-99: Increased flows in Porta-PSTAs to 1,200 mL/min in tanks 23 and 24,
800 mL/min in tanks 2, 13, and 16, and 400 mL/min in all other tanks in an attempt to
keep flows from stopping between calibration days. Removed screens from inflow
manifold line. Changed orifice in TC-3 from 1.5 in to 1 in.

November 1999
• 11-04-99: Lowered weir in TC-3 to 16.00 ft. NGVD, orifice changed to 0.75 in. Lowered

outflow point on Porta-PSTAs 1, 6, and 15 to 30 cm.

• 11-23-99: Outflow valve on Porta-PSTA NE line was changed out; water to Porta-PSTAs
was shut off for 1 hr.
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December 1999
• 12-02-99: Lowered weir in TC-3 to 15.3 ft. NGVD. Lowered flow in Porta-PSTAs 1, 6, and

15 to 80 mL/min.

January 2000
• 01-06-00: Lowered weir for TC-3 to 14.8 ft. NGVD, changed orifice to 1.00 in. Lowered

outflow point on Porta-PSTAs 1, 6, and 15 to 10 cm and increased flows to 260 mL/min.

• 01-13-00: Used siphon to lower water levels in tanks 2, 13, and 16 to 30 cm and set flows
to 800 mL/min. Lowered weir in TC-8 by 12 in. and shut off flow to TC-13. Shut off
flows in Porta-PSTAs 4, 7, 8, 9, 11, 18, and 20 to begin batch experiment.

• 01-27-00: Re-circulation pumps were added to tanks 4, 7, 8, 9, 11, 18, and 20 as part of the
batch experiment.

February 2000
• 02-03-00: Lowered weir in TC-3 by 0.1 ft. NGVD. Set flows in Porta-PSTAs 1, 6, and 15 to

205 mL/min.

• 02-14-00: Lowered weir in TC-3 by 0.75 ft. in an attempt to reach target water depth of
0.2 ft. Lowered weir in TC-8 by 0.4 ft. in an attempt to reach target water depth of 1.0 ft.

March 2000
• 03-06-00: Shut of inflow and lowered weir in TC-3 to 14.2 ft. NGVD to drain cell for dry

down experiment.

• 03-07-00: Lowered weir in TC-13 to 14.5 ft. NGVD to drain cell.

• 03-14-00: Cleared vegetation and dug a hole near TC-13 outflow pipe to facilitate drying
of the cell.

• 03-16-00: Re-circulation pumps removed from PP-4, 7, 8, 9, 11, 18 and 20. Shut off
inflows to PP-1, 6, 15, 21, and 22. Used siphon to drain water from PP-4, 7, 8, 9, 11, 18, 20,
21, and 22. Set flows for all remaining PP to 250 mL/min and 750 mL/min for 23 and 24.

• 03-20-00: Harvested spikerush from PP-9, 11, and 18 and save to replant tanks later.
Harvested periphyton mat from PP-4, 7, 8, and 20 and save to restock PP later. Drained
PP-4, 7, 8, 20, 21, and 22. Removed sediment from PP-4, 7, and 8.

• 03-21-00: Removed sediment from PP-21 and 22. Rinse PP-4, 7, 8, 20, 21, and 22 with
HCl. Counted and removed snails from PP-1, 2, 6, 10, 12, 13, 14, 17, 23, and 24.

• 03-22-00: Loaded limerock sediment into PP-4, 7, and 8 and rinsed limerock three times
before bringing water levels up to just above the sediment. Brought water level in PP-20
up to just above sediment. Planted spike rush in PP-1, 4, 6, 7, 8, 19, and 20. Added
approximately 1.5 gallons of periphyton to PP-4, 7, 8, 20, 21, and 22. Installed re-
circulation pumps on tanks 2, 13, and 16. Pulled cattail seedlings: PP-3 (1), PP-6 (8), and
PP-13 (2). Loosened lowest outlet point on PP-1, 6, and 15 to allow them to dry out.
Herbicide applied to vegetation in TC-13.



DFB/15722.DOC H-6

• 03-27-00: Installed Aquamat in PP-22. Applied approximately 9 lbs. of hydrated lime to
PP-9, 11, and 18. Dug trench and cleaned out screen over outflow pipe in weir box in
TC-13 to facilitate drying of cell.







































































































































Appendix I-4
Porta-PSTA Tracer Test Data

REC_NO SITE CELL STATION DATE TIME D/T Formula Date/Time
FLOW 

(mL/min)
175 PORTA 7 Inflow 04/12/1999 14:48 04/12/99 14:48 04/12/1999 14:48 400
176 PORTA 7 Inflow 04/12/1999 14:49 04/12/99 14:49 04/12/1999 14:49 250
177 PORTA 7 Inflow 04/12/1999 14:50 04/12/99 14:50 04/12/1999 14:50 250
251 PORTA 7 Inflow 04/14/1999 10:20 04/14/99 10:20 04/14/1999 10:20 500
252 PORTA 7 Inflow 04/14/1999 10:22 04/14/99 10:22 04/14/1999 10:22 370
253 PORTA 7 Inflow 04/14/1999 10:24 04/14/99 10:24 04/14/1999 10:24 250
323 PORTA 7 Inflow 04/19/1999 11:04 04/19/99 11:04 04/19/1999 11:04 250
324 PORTA 7 Inflow 04/19/1999 11:05 04/19/99 11:05 04/19/1999 11:05 250
325 PORTA 7 Inflow 04/19/1999 11:07 04/19/99 11:07 04/19/1999 11:07 250
399 PORTA 7 Inflow 04/19/1999 15:20 04/19/99 15:20 04/19/1999 15:20 255

9 PORTA 7 Inflow 04/21/1999 11:10 04/21/99 11:10 04/21/1999 11:10 30
10 PORTA 7 Inflow 04/21/1999 11:11 04/21/99 11:11 04/21/1999 11:11 260
28 PORTA 7 Inflow 04/21/1999 11:39 04/21/99 11:39 04/21/1999 11:39 250

507 PORTA 7 Inflow 04/21/1999 11:39 04/21/99 11:39 04/21/1999 11:39 250
539 PORTA 7 Inflow 04/22/1999 11:04 04/22/99 11:04 04/22/1999 11:04 0
560 PORTA 7 Inflow 04/22/1999 11:07 04/22/99 11:07 04/22/1999 11:07 250
580 PORTA 7 Inflow 04/23/1999 11:46 04/23/99 11:46 04/23/1999 11:46 180
598 PORTA 7 Inflow 04/23/1999 11:50 04/23/99 11:50 04/23/1999 11:50 260

57 PORTA 7 Inflow 04/26/1999 9:56 04/26/99 09:56 04/26/1999 9:56 290
58 PORTA 7 Inflow 04/26/1999 9:57 04/26/99 09:57 04/26/1999 9:57 220
59 PORTA 7 Inflow 04/26/1999 9:58 04/26/99 09:58 04/26/1999 9:58 220

109 PORTA 7 Inflow 04/26/1999 10:48 04/26/99 10:48 04/26/1999 10:48 280
110 PORTA 7 Inflow 04/26/1999 10:49 04/26/99 10:49 04/26/1999 10:49 280
606 PORTA 7 Inflow 04/30/1999 11:32 04/30/99 11:32 04/30/1999 11:32 110
628 PORTA 7 Inflow 04/30/1999 11:35 04/30/99 11:35 04/30/1999 11:35 240
654 PORTA 7 Inflow 05/04/1999 12:33 05/04/99 12:33 05/04/1999 12:33 0
655 PORTA 7 Inflow 05/04/1999 12:35 05/04/99 12:35 05/04/1999 12:35 260
700 PORTA 7 Inflow 05/05/1999 12:06 05/05/99 12:06 05/05/1999 12:06 0
701 PORTA 7 Inflow 05/05/1999 12:09 05/05/99 12:09 05/05/1999 12:09 280
728 PORTA 7 Inflow 05/06/1999 9:00 05/06/99 09:00 05/06/1999 9:00 255
758 PORTA 7 Inflow 05/07/1999 9:43 05/07/99 09:43 05/07/1999 9:43 100
759 PORTA 7 Inflow 05/07/1999 9:44 05/07/99 09:44 05/07/1999 9:44 280
819 PORTA 7 Inflow 05/11/1999 12:28 05/11/99 12:28 05/11/1999 12:28 250
860 PORTA 7 Inflow 05/12/1999 9:52 05/12/99 09:52 05/12/1999 9:52 90
884 PORTA 7 Inflow 05/12/1999 9:57 05/12/99 09:57 05/12/1999 9:57 240
906 PORTA 7 Inflow 05/12/1999 17:12 05/12/99 17:12 05/12/1999 17:12 85
926 PORTA 7 Inflow 05/13/1999 10:05 05/13/99 10:05 05/13/1999 10:05 40
942 PORTA 7 Inflow 05/13/1999 10:06 05/13/99 10:06 05/13/1999 10:06 230
965 PORTA 7 Inflow 05/17/1999 9:05:00 AM 05/17/99 09:05 05/17/1999 9:05 0
966 PORTA 7 Inflow 05/17/1999 9:06:00 AM 05/17/99 09:06 05/17/1999 9:06 265

1015 PORTA 7 Inflow 05/18/1999 3:21:00 PM 05/18/99 15:21 05/18/1999 15:21 420
1016 PORTA 7 Inflow 05/18/1999 3:22:00 PM 05/18/99 15:22 05/18/1999 15:22 190
1017 PORTA 7 Inflow 05/18/1999 3:23:00 PM 05/18/99 15:23 05/18/1999 15:23 230
1079 PORTA 7 Inflow 05/19/1999 8:55:00 AM 05/19/99 08:55 05/19/1999 8:55 95
1080 PORTA 7 Inflow 05/19/1999 8:56:00 AM 05/19/99 08:56 05/19/1999 8:56 385
1081 PORTA 7 Inflow 05/19/1999 8:57:00 AM 05/19/99 08:57 05/19/1999 8:57 210
1111 PORTA 7 Inflow 05/20/1999 8:57:00 AM 05/20/99 08:57 05/20/1999 8:57 55
1112 PORTA 7 Inflow 05/20/1999 8:58:00 AM 05/20/99 08:58 05/20/1999 8:58 320
1113 PORTA 7 Inflow 05/20/1999 8:59:00 AM 05/20/99 08:59 05/20/1999 8:59 260
1162 PORTA 7 Inflow 05/24/1999 10:22:00 AM 05/24/99 10:22 05/24/1999 10:22 0
1163 PORTA 7 Inflow 05/24/1999 10:23:00 AM 05/24/99 10:23 05/24/1999 10:23 300
1164 PORTA 7 Inflow 05/24/1999 10:24:00 AM 05/24/99 10:24 05/24/1999 10:24 275
1278 PORTA 7 Inflow 05/25/1999 8:34:00 AM 05/25/99 08:34 05/25/1999 8:34 50
1279 PORTA 7 Inflow 05/25/1999 8:35:00 AM 05/25/99 08:35 05/25/1999 8:35 275
1280 PORTA 7 Inflow 05/25/1999 8:36:00 AM 05/25/99 08:36 05/25/1999 8:36 275
1362 PORTA 7 Inflow 06/01/1999 10:46:00 AM 06/01/99 10:46 06/01/1999 10:46 395
1363 PORTA 7 Inflow 06/01/1999 10:47:00 AM 06/01/99 10:47 06/01/1999 10:47 250
1364 PORTA 7 Inflow 06/01/1999 10:48:00 AM 06/01/99 10:48 06/01/1999 10:48 250
1442 PORTA 7 Inflow 06/03/1999 11:46:00 AM 06/03/99 11:46 06/03/1999 11:46 70
1443 PORTA 7 Inflow 06/03/1999 11:47:00 AM 06/03/99 11:47 06/03/1999 11:47 280
1444 PORTA 7 Inflow 06/03/1999 11:48:00 AM 06/03/99 11:48 06/03/1999 11:48 275
1531 PORTA 7 Inflow 06/07/1999 10:16:00 AM 06/07/99 10:16 06/07/1999 10:16 40
1532 PORTA 7 Inflow 06/07/1999 10:17:00 AM 06/07/99 10:17 06/07/1999 10:17 245
1533 PORTA 7 Inflow 06/07/1999 10:18:00 AM 06/07/99 10:18 06/07/1999 10:18 250
1603 PORTA 7 Inflow 06/09/1999 9:55:00 AM 06/09/99 09:55 06/09/1999 9:55 0
1604 PORTA 7 Inflow 06/09/1999 9:57:00 AM 06/09/99 09:57 06/09/1999 9:57 255
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Appendix I-4
Porta-PSTA Tracer Test Data

REC_NO SITE CELL STATION DATE TIME D/T Formula Date/Time
FLOW 

(mL/min)
1605 PORTA 7 Inflow 06/09/1999 9:58:00 AM 06/09/99 09:58 06/09/1999 9:58 255

184 PORTA 10 Inflow 04/12/1999 14:58 04/12/99 14:58 04/12/1999 14:58 490
185 PORTA 10 Inflow 04/12/1999 15:00 04/12/99 15:00 04/12/1999 15:00 250
186 PORTA 10 Inflow 04/12/1999 15:02 04/12/99 15:02 04/12/1999 15:02 250
260 PORTA 10 Inflow 04/14/1999 10:42 04/14/99 10:42 04/14/1999 10:42 200
261 PORTA 10 Inflow 04/14/1999 10:44 04/14/99 10:44 04/14/1999 10:44 300
262 PORTA 10 Inflow 04/14/1999 10:46 04/14/99 10:46 04/14/1999 10:46 260
332 PORTA 10 Inflow 04/19/1999 11:27 04/19/99 11:27 04/19/1999 11:27 235
333 PORTA 10 Inflow 04/19/1999 11:29 04/19/99 11:29 04/19/1999 11:29 235
334 PORTA 10 Inflow 04/19/1999 11:31 04/19/99 11:31 04/19/1999 11:31 235
381 PORTA 10 Inflow 04/19/1999 12:27 04/19/99 12:27 04/19/1999 12:27 255
402 PORTA 10 Inflow 04/19/1999 15:23 04/19/99 15:23 04/19/1999 15:23 300

11 PORTA 10 Inflow 04/21/1999 11:15 04/21/99 11:15 04/21/1999 11:15 250
24 PORTA 10 Inflow 04/21/1999 11:43 04/21/99 11:43 04/21/1999 11:43 250

504 PORTA 10 Inflow 04/21/1999 11:43 04/21/99 11:43 04/21/1999 11:43 250
536 PORTA 10 Inflow 04/22/1999 11:35 04/22/99 11:35 04/22/1999 11:35 255
577 PORTA 10 Inflow 04/23/1999 11:43 04/23/99 11:43 04/23/1999 11:43 0
596 PORTA 10 Inflow 04/23/1999 11:45 04/23/99 11:45 04/23/1999 11:45 270

84 PORTA 10 Inflow 04/26/1999 9:56 04/26/99 09:56 04/26/1999 9:56 0
85 PORTA 10 Inflow 04/26/1999 9:58 04/26/99 09:58 04/26/1999 9:58 270

105 PORTA 10 Inflow 04/26/1999 11:04 04/26/99 11:04 04/26/1999 11:04 245
609 PORTA 10 Inflow 04/30/1999 11:45 04/30/99 11:45 04/30/1999 11:45 235
661 PORTA 10 Inflow 05/04/1999 12:38 05/04/99 12:38 05/04/1999 12:38 0
662 PORTA 10 Inflow 05/04/1999 12:40 05/04/99 12:40 05/04/1999 12:40 255
705 PORTA 10 Inflow 05/05/1999 12:14 05/05/99 12:14 05/05/1999 12:14 245
726 PORTA 10 Inflow 05/06/1999 8:57 05/06/99 08:57 05/06/1999 8:57 40
727 PORTA 10 Inflow 05/06/1999 8:59 05/06/99 08:59 05/06/1999 8:59 120
729 PORTA 10 Inflow 05/06/1999 9:01 05/06/99 09:01 05/06/1999 9:01 210
763 PORTA 10 Inflow 05/07/1999 9:49 05/07/99 09:49 05/07/1999 9:49 50
764 PORTA 10 Inflow 05/07/1999 9:50 05/07/99 09:50 05/07/1999 9:50 300
822 PORTA 10 Inflow 05/11/1999 12:34 05/11/99 12:34 05/11/1999 12:34 260
863 PORTA 10 Inflow 05/12/1999 10:05 05/12/99 10:05 05/12/1999 10:05 30
887 PORTA 10 Inflow 05/12/1999 10:06 05/12/99 10:06 05/12/1999 10:06 255
909 PORTA 10 Inflow 05/12/1999 17:18 05/12/99 17:18 05/12/1999 17:18 110
928 PORTA 10 Inflow 05/13/1999 10:12 05/13/99 10:12 05/13/1999 10:12 40
944 PORTA 10 Inflow 05/13/1999 10:13 05/13/99 10:13 05/13/1999 10:13 260
971 PORTA 10 Inflow 05/17/1999 9:12:00 AM 05/17/99 09:12 05/17/1999 9:12 110
972 PORTA 10 Inflow 05/17/1999 9:13:00 AM 05/17/99 09:13 05/17/1999 9:13 255

1021 PORTA 10 Inflow 05/18/1999 3:31:00 PM 05/18/99 15:31 05/18/1999 15:31 40
1022 PORTA 10 Inflow 05/18/1999 3:32:00 PM 05/18/99 15:32 05/18/1999 15:32 260
1086 PORTA 10 Inflow 05/19/1999 9:01:00 AM 05/19/99 09:01 05/19/1999 9:01 180
1118 PORTA 10 Inflow 05/20/1999 9:22:00 AM 05/20/99 09:22 05/20/1999 9:22 90
1119 PORTA 10 Inflow 05/20/1999 9:23:00 AM 05/20/99 09:23 05/20/1999 9:23 240
1171 PORTA 10 Inflow 05/24/1999 10:38:00 AM 05/24/99 10:38 05/24/1999 10:38 0
1172 PORTA 10 Inflow 05/24/1999 10:39:00 AM 05/24/99 10:39 05/24/1999 10:39 280
1173 PORTA 10 Inflow 05/24/1999 10:40:00 AM 05/24/99 10:40 05/24/1999 10:40 245
1287 PORTA 10 Inflow 05/25/1999 8:50:00 AM 05/25/99 08:50 05/25/1999 8:50 125
1288 PORTA 10 Inflow 05/25/1999 8:51:00 AM 05/25/99 08:51 05/25/1999 8:51 265
1289 PORTA 10 Inflow 05/25/1999 8:52:00 AM 05/25/99 08:52 05/25/1999 8:52 260
1329 PORTA 10 Inflow 05/28/1999 12:55:00 PM 05/28/99 12:55 05/28/1999 12:55 255
1330 PORTA 10 Inflow 05/28/1999 12:56:00 PM 05/28/99 12:56 05/28/1999 12:56 255
1331 PORTA 10 Inflow 05/28/1999 12:57:00 PM 05/28/99 12:57 05/28/1999 12:57 255
1371 PORTA 10 Inflow 06/01/1999 10:49:00 AM 06/01/99 10:49 06/01/1999 10:49 245
1372 PORTA 10 Inflow 06/01/1999 10:50:00 AM 06/01/99 10:50 06/01/1999 10:50 245
1373 PORTA 10 Inflow 06/01/1999 10:51:00 AM 06/01/99 10:51 06/01/1999 10:51 245
1451 PORTA 10 Inflow 06/03/1999 11:58:00 AM 06/03/99 11:58 06/03/1999 11:58 15
1452 PORTA 10 Inflow 06/03/1999 11:59:00 AM 06/03/99 11:59 06/03/1999 11:59 250
1453 PORTA 10 Inflow 06/03/1999 12:00:00 PM 06/03/99 12:00 06/03/1999 12:00 250
1540 PORTA 10 Inflow 06/07/1999 10:34:00 AM 06/07/99 10:34 06/07/1999 10:34 0
1541 PORTA 10 Inflow 06/07/1999 10:35:00 AM 06/07/99 10:35 06/07/1999 10:35 280
1542 PORTA 10 Inflow 06/07/1999 10:36:00 AM 06/07/99 10:36 06/07/1999 10:36 280
1612 PORTA 10 Inflow 06/09/1999 10:08:00 AM 06/09/99 10:08 06/09/1999 10:08 0
1613 PORTA 10 Inflow 06/09/1999 10:10:00 AM 06/09/99 10:10 06/09/1999 10:10 250
1614 PORTA 10 Inflow 06/09/1999 10:11:00 AM 06/09/99 10:11 06/09/1999 10:11 250

221 PORTA 23 Inflow 04/12/1999 16:41 04/12/99 16:41 04/12/1999 16:41 850
222 PORTA 23 Inflow 04/12/1999 16:44 04/12/99 16:44 04/12/1999 16:44 730
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Appendix I-4
Porta-PSTA Tracer Test Data

REC_NO SITE CELL STATION DATE TIME D/T Formula Date/Time
FLOW 

(mL/min)
223 PORTA 23 Inflow 04/12/1999 16:45 04/12/99 16:45 04/12/1999 16:45 750
299 PORTA 23 Inflow 04/14/1999 12:02 04/14/99 12:02 04/14/1999 12:02 700
300 PORTA 23 Inflow 04/14/1999 12:04 04/14/99 12:04 04/14/1999 12:04 790
301 PORTA 23 Inflow 04/14/1999 12:06 04/14/99 12:06 04/14/1999 12:06 735
371 PORTA 23 Inflow 04/19/1999 14:12 04/19/99 14:12 04/19/1999 14:12 765
372 PORTA 23 Inflow 04/19/1999 14:14 04/19/99 14:14 04/19/1999 14:14 760
373 PORTA 23 Inflow 04/19/1999 14:19 04/19/99 14:19 04/19/1999 14:19 750
415 PORTA 23 Inflow 04/19/1999 15:37 04/19/99 15:37 04/19/1999 15:37 750

3 PORTA 23 Inflow 04/21/1999 10:55 04/21/99 10:55 04/21/1999 10:55 740
489 PORTA 23 Inflow 04/21/1999 10:55 04/21/99 10:55 04/21/1999 10:55 740
523 PORTA 23 Inflow 04/22/1999 10:49 04/22/99 10:49 04/22/1999 10:49 0
546 PORTA 23 Inflow 04/22/1999 10:51 04/22/99 10:51 04/22/1999 10:51 760
564 PORTA 23 Inflow 04/23/1999 11:40 04/23/99 11:40 04/23/1999 11:40 0
588 PORTA 23 Inflow 04/23/1999 11:43 04/23/99 11:43 04/23/1999 11:43 720

66 PORTA 23 Inflow 04/26/1999 10:08 04/26/99 10:08 04/26/1999 10:08 380
67 PORTA 23 Inflow 04/26/1999 10:09 04/26/99 10:09 04/26/1999 10:09 1000
68 PORTA 23 Inflow 04/26/1999 10:11 04/26/99 10:11 04/26/1999 10:11 720

119 PORTA 23 Inflow 04/26/1999 10:29 04/26/99 10:29 04/26/1999 10:29 480
120 PORTA 23 Inflow 04/26/1999 10:30 04/26/99 10:30 04/26/1999 10:30 450
121 PORTA 23 Inflow 04/26/1999 10:31 04/26/99 10:31 04/26/1999 10:31 450
154 PORTA 23 Inflow 04/29/1999 9:09 04/29/99 09:09 04/29/1999 9:09 700
622 PORTA 23 Inflow 04/30/1999 12:39 04/30/99 12:39 04/30/1999 12:39 490
640 PORTA 23 Inflow 04/30/1999 12:42 04/30/99 12:42 04/30/1999 12:42 740
690 PORTA 23 Inflow 05/04/1999 13:05 05/04/99 13:05 05/04/1999 13:05 750
720 PORTA 23 Inflow 05/05/1999 12:40 05/05/99 12:40 05/05/1999 12:40 755
730 PORTA 23 Inflow 05/06/1999 9:02 05/06/99 09:02 05/06/1999 9:02 260
731 PORTA 23 Inflow 05/06/1999 9:04 05/06/99 09:04 05/06/1999 9:04 740
781 PORTA 23 Inflow 05/10/1999 9:54 05/10/99 09:54 05/10/1999 9:54 100
782 PORTA 23 Inflow 05/10/1999 9:56 05/10/99 09:56 05/10/1999 9:56 780
835 PORTA 23 Inflow 05/11/1999 13:49 05/11/99 13:49 05/11/1999 13:49 550
852 PORTA 23 Inflow 05/11/1999 13:53 05/11/99 13:53 05/11/1999 13:53 755
876 PORTA 23 Inflow 05/12/1999 10:49 05/12/99 10:49 05/12/1999 10:49 765
922 PORTA 23 Inflow 05/12/1999 17:31 05/12/99 17:31 05/12/1999 17:31 600
933 PORTA 23 Inflow 05/13/1999 10:29 05/13/99 10:29 05/13/1999 10:29 760
997 PORTA 23 Inflow 05/17/1999 9:52:00 AM 05/17/99 09:52 05/17/1999 9:52 550
998 PORTA 23 Inflow 05/17/1999 9:53:00 AM 05/17/99 09:53 05/17/1999 9:53 760

1047 PORTA 23 Inflow 05/18/1999 4:07:00 PM 05/18/99 16:07 05/18/1999 16:07 750
1099 PORTA 23 Inflow 05/19/1999 9:29:00 AM 05/19/99 09:29 05/19/1999 9:29 760
1142 PORTA 23 Inflow 05/20/1999 10:04:00 AM 05/20/99 10:04 05/20/1999 10:04 670
1207 PORTA 23 Inflow 05/24/1999 10:43:00 AM 05/24/99 10:43 05/24/1999 10:43 380
1208 PORTA 23 Inflow 05/24/1999 10:44:00 AM 05/24/99 10:44 05/24/1999 10:44 800
1209 PORTA 23 Inflow 05/24/1999 10:45:00 AM 05/24/99 10:45 05/24/1999 10:45 800
1323 PORTA 23 Inflow 05/25/1999 8:49:00 AM 05/25/99 08:49 05/25/1999 8:49 555
1324 PORTA 23 Inflow 05/25/1999 8:50:00 AM 05/25/99 08:50 05/25/1999 8:50 710
1325 PORTA 23 Inflow 05/25/1999 8:51:00 AM 05/25/99 08:51 05/25/1999 8:51 710
1338 PORTA 23 Inflow 05/28/1999 1:12:00 PM 05/28/99 13:12 05/28/1999 13:12 770
1339 PORTA 23 Inflow 05/28/1999 1:13:00 PM 05/28/99 13:13 05/28/1999 13:13 770
1340 PORTA 23 Inflow 05/28/1999 1:14:00 PM 05/28/99 13:14 05/28/1999 13:14 770
1408 PORTA 23 Inflow 06/01/1999 11:05:00 AM 06/01/99 11:05 06/01/1999 11:05 800
1409 PORTA 23 Inflow 06/01/1999 11:06:00 AM 06/01/99 11:06 06/01/1999 11:06 800
1410 PORTA 23 Inflow 06/01/1999 11:07:00 AM 06/01/99 11:07 06/01/1999 11:07 780
1487 PORTA 23 Inflow 06/03/1999 3:13:00 PM 06/03/99 15:13 06/03/1999 15:13 190
1488 PORTA 23 Inflow 06/03/1999 3:14:00 PM 06/03/99 15:14 06/03/1999 15:14 780
1489 PORTA 23 Inflow 06/03/1999 3:15:00 PM 06/03/99 15:15 06/03/1999 15:15 800
1579 PORTA 23 Inflow 06/07/1999 10:16:00 AM 06/07/99 10:16 06/07/1999 10:16 550
1580 PORTA 23 Inflow 06/07/1999 10:17:00 AM 06/07/99 10:17 06/07/1999 10:17 765
1581 PORTA 23 Inflow 06/07/1999 10:18:00 AM 06/07/99 10:18 06/07/1999 10:18 765
1651 PORTA 23 Inflow 06/09/1999 11:05:00 AM 06/09/99 11:05 06/09/1999 11:05 780
1652 PORTA 23 Inflow 06/09/1999 11:06:00 AM 06/09/99 11:06 06/09/1999 11:06 775
1653 PORTA 23 Inflow 06/09/1999 11:07:00 AM 06/09/99 11:07 06/09/1999 11:07 775
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Appendix I-4: Cell 7 Flows
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Appendix I-4: Cell 10 Flows
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Porta-PSTA Tracer Test Data - Cell 7
Volume of NaBr Solution Applied: 1.60 L Nominal HRT: 14.01 d
Concentration of Br- Applied: 438,439                 mg/L Avg. Flow: 0.28 m3/d
Mass of Br- Applied: 702 g Avg. HLR: 4.6 cm/d
Date/Time of Application: 04/19/1999 17:45 Nominal Volume: 3.876 m3

Sample ID Date/Time
Sampled

Time
(days)

Meas
mV

Meas
Temp

Calc Conc
(mg/L)

Corr Conc
(mg/L)

Flow Rate 
(m3/d) f(t) C(t)dt f(t)dt QC(t)dt tf(t)dt f(t)dt(t-τ)2

7-1 04/19/1999 17:45 0.00 -66 24.9 4.3 0.0 0.35 0.00 0.00 0.00 0.00 0.00 0.00
7-4 04/20/1999 5:45 0.50 -97 24.9 16.8 12.5 0.26 0.00 3.13 0.00 0.95 0.00 0.37
7-8 04/20/1999 21:45 1.17 -120 24.9 46.3 42.0 0.14 0.01 18.17 0.01 3.66 0.01 2.02

7-12 04/21/1999 13:45 1.83 -129 24.9 68.8 64.5 0.33 0.02 35.49 0.01 8.34 0.02 3.66
7-16 04/22/1999 5:45 2.50 -137 25.0 97.8 93.5 0.08 0.03 52.67 0.02 10.78 0.04 5.01
7-20 04/22/1999 21:45 3.17 -141 24.9 116.7 112.4 0.32 0.04 68.63 0.02 13.67 0.07 6.01
7-24 04/23/1999 13:45 3.83 -143 24.9 127.4 123.1 0.38 0.04 78.49 0.03 27.16 0.10 6.30
7-28 04/24/1999 5:58 4.51 -143 25.0 127.4 123.1 0.39 0.04 83.18 0.03 31.66 0.12 6.10
7-32 04/24/1999 21:58 5.18 -143 25.0 127.4 123.1 0.40 0.04 82.07 0.03 32.05 0.14 5.47
7-36 04/25/1999 13:58 5.84 -143 24.9 127.4 123.1 0.41 0.04 82.07 0.03 32.86 0.16 4.95
7-40 04/26/1999 5:58 6.51 -142 24.9 121.9 117.6 0.42 0.04 80.24 0.03 32.92 0.18 4.36
7-44 04/26/1999 21:58 7.18 -141 24.9 116.7 112.4 0.37 0.04 76.66 0.03 30.29 0.19 3.72
7-48 04/27/1999 13:58 7.84 -140 24.9 111.6 107.3 0.33 0.04 73.24 0.03 25.98 0.19 3.16
7-52 04/28/1999 22:45 9.21 -136 24.9 93.6 89.3 0.25 0.03 134.32 0.05 39.35 0.41 4.78
7-56 04/29/1999 14:45 9.87 -135 24.9 89.6 85.3 0.21 0.03 58.20 0.02 13.46 0.20 1.67
7-60 04/30/1999 6:45 10.54 -134 24.9 85.7 81.4 0.17 0.03 55.57 0.02 10.60 0.20 1.37
7-70 05/01/1999 23:30 12.24 -133 25.1 82.0 77.7 0.22 0.03 135.13 0.05 26.22 0.55 2.46
7-80 05/03/1999 15:30 13.91 -132 25.1 78.5 74.2 0.08 0.03 126.62 0.04 18.52 0.59 1.35
7-90 05/05/1999 7:30 15.57 -133 25.1 82.0 77.7 0.07 0.03 126.62 0.04 9.39 0.66 0.65
7-100 05/06/1999 23:30 17.24 -130 25.0 71.9 67.6 0.24 0.03 121.10 0.04 18.74 0.70 0.20
7-110 05/08/1999 15:30 18.91 -129 24.9 68.8 64.5 0.39 0.02 110.07 0.04 34.47 0.70 0.01
7-120 05/10/1999 7:30 20.57 -129 24.9 68.8 64.5 0.37 0.02 107.49 0.04 41.00 0.75 0.05
7-130 05/11/1999 23:30 22.24 -126 24.9 60.3 56.0 0.24 0.02 100.39 0.04 30.82 0.76 0.29
7-140 05/13/1999 15:30 23.91 -125 24.9 57.7 53.4 0.31 0.02 91.14 0.03 25.23 0.75 0.66
7-150 05/16/1999 3:30 26.41 -124 25.0 55.2 50.9 0.10 0.02 130.36 0.05 27.08 1.16 2.01
7-160 05/19/1999 11:30 29.74 -124 25.0 55.2 50.9 0.28 0.02 169.67 0.06 32.39 1.69 5.45
7-170 05/22/1999 19:30 33.07 -123 25.0 52.8 48.5 0.15 0.02 165.71 0.06 35.47 1.84 9.70
7-181 05/26/1999 11:30 36.74 -123 25.1 52.8 48.5 0.42 0.02 177.92 0.06 50.95 2.20 16.86

Extrap. 06/06/1999 22:33 48.20 -66 -- 4.3 0.0 0.35 0.01 278.05 0.10 107.51 4.18 56.35
0.76 2822.41 1.00 771.53 18.55 154.99

M0 M1 M2

Mass Recovery 110%
Excel Solver Routine Used to determine Peclet Number.  (Pe = 1/ )

Mean Residence Time τ a (d) = 18.55 M1/M0

σ2 (d2) = 154.99 M2/M0

Number of Tanks   N = 2.22 τ a
2/σ2

Volumetric Efficiency = 1.32 τ α /τ ν

Dimensionless Variance = 0.4503 1/N
Wetland Dispersion Number  = 0.3271 Solver

Dimensionless Variance Guess
Pe = 3.05687772 0.45029948

0.3271
Dimensionless Variance = 2/Pe - 2/Pe^2(1 - exp(-Pe))

Porta PSTA #7

Appendix I-4
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Porta-PSTA Cell 7 Bromide Tracer Study
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Porta-PSTA Cell 7 Lithium Tracer Study
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Porta-PSTA Tracer Test - Cell 10

Volume of NaBr Solution Applied: 0.80 L Nominal HRT: 8.17 d
Concentration of Br- Applied: 438,439                mg/L Avg. Flow: 0.27 m3/d
Mass of Br- Applied: 351 g Avg. HLR: 4.4 cm/d
Date/Time of Application: 04/19/1999 17:45 Nominal Volume: 2.178 m3

Sample ID Date/Time
Sampled

Time
(days)

Meas
mV

Meas
Temp

Calc Conc
(mg/L)

Corr Conc
(mg/L)

Flow Rate 
(m3/d) f(t) C(t)dt f(t)dt QC(t)dt tf(t)dt f(t)dt(t-τ)2

10-1 04/19/1999 17:45 0.00 -59 25.0 3.2 0.0 0.43 0.00 0.00 0.00 0.00 0.00 0.00
10-4 04/20/1999 5:45 0.50 -121 25.0 48.4 45.2 0.41 0.01 11.30 0.01 4.73 0.00 1.49
10-8 04/20/1999 21:45 1.17 -133 25.0 82.0 78.9 0.38 0.04 41.36 0.03 16.35 0.02 5.03
10-12 04/21/1999 13:45 1.83 -135 25.0 89.6 86.4 0.36 0.05 55.10 0.04 20.46 0.05 6.06
10-16 04/22/1999 5:45 2.50 -134 25.0 85.7 82.6 0.37 0.05 56.33 0.04 20.45 0.08 5.59
10-20 04/22/1999 21:45 3.17 -134 24.9 85.7 82.6 0.21 0.05 55.05 0.04 15.91 0.10 4.89
10-24 04/23/1999 13:45 3.83 -134 24.9 85.7 82.6 0.38 0.05 55.05 0.04 16.24 0.12 4.36
10-28 04/24/1999 5:58 4.51 -134 24.9 85.7 82.6 0.29 0.05 55.79 0.04 18.57 0.15 3.90
10-32 04/24/1999 21:58 5.18 -134 24.9 85.7 82.6 0.20 0.05 55.05 0.04 13.41 0.17 3.37
10-36 04/25/1999 13:58 5.84 -134 24.9 85.7 82.6 0.11 0.05 55.05 0.04 8.53 0.19 2.93
10-40 04/26/1999 5:58 6.51 -135 24.9 89.6 86.4 0.02 0.05 56.33 0.04 3.73 0.22 2.57
10-44 04/26/1999 21:58 7.18 -134 24.9 85.7 82.6 0.35 0.05 56.33 0.04 10.51 0.25 2.19
10-48 04/27/1999 13:58 7.84 -133 24.9 82.0 78.9 0.35 0.05 53.81 0.03 18.83 0.26 1.75
10-52 04/28/1999 23:25 9.24 -130 25.0 71.9 68.7 0.34 0.05 102.86 0.07 35.62 0.56 2.44
10-56 04/29/1999 15:25 9.90 -127 25.1 63.0 59.8 0.34 0.04 42.85 0.03 14.68 0.26 0.70
10-60 04/30/1999 7:25 10.57 -126 24.9 60.3 57.1 0.34 0.04 38.98 0.02 13.26 0.25 0.48
10-70 05/01/1999 23:30 12.24 -121 25.1 48.4 45.2 0.21 0.03 85.45 0.05 23.61 0.62 0.57
10-80 05/03/1999 15:30 13.91 -118 25.1 42.4 39.2 0.07 0.03 70.36 0.04 10.11 0.59 0.11
10-90 05/05/1999 7:30 15.57 -117 25.1 40.6 37.4 0.36 0.02 63.86 0.04 13.71 0.60 0.00
10-100 05/06/1999 23:30 17.24 -114 25.2 35.5 32.4 0.17 0.02 58.15 0.04 15.22 0.61 0.11
10-110 05/11/1999 19:30 22.07 -108 25.2 27.3 24.1 0.27 0.02 136.58 0.09 29.74 1.71 2.18
10-120 05/13/1999 11:30 23.74 -104 25.2 22.9 19.7 0.37 0.01 36.55 0.02 11.68 0.53 1.59
10-130 05/15/1999 19:30 26.07 -103 25.2 21.9 18.7 0.24 0.01 44.88 0.03 13.81 0.71 3.01
10-140 05/19/1999 3:30 29.41 -101 25.2 20.1 16.9 0.30 0.01 59.39 0.04 16.03 1.05 6.48
10-150 05/22/1999 11:30 32.74 -98 25.2 17.6 14.4 0.17 0.01 52.18 0.03 12.08 1.03 8.96
10-162 05/26/1999 11:30 36.74 -94 25.2 14.7 11.6 0.37 0.01 51.98 0.03 14.02 1.15 13.36
10-163 06/01/1999 15:35 42.91 -88 25.6 11.3 8.2 0.32 0.01 60.88 0.04 21.09 1.54 24.57
10-164 06/09/1999 16:45 50.96 -77 25.5 7.0 3.8 0.00 0.00 48.18 0.03 7.73 1.44 31.97
Extrap. 06/15/1999 13:25 56.82 -59 -- 3.2 0.0 0.00 0.00 11.18 0.01 0.00 0.38 10.96

0.90 1570.88 1.00 420.13 14.65 151.61
M0 M1 M2

Mass Recovery 120%
Excel Solver Routine Used to determine Peclet Number.  (Pe = 1/ )

Mean Residence Time τ a (d) = 14.65 M1/M0

σ2 (d2) = 151.61 M2/M0

Number of Tanks   N = 1.42 τ a
2/σ2

Volumetric Efficiency = 1.79 τ α /τ ν

Dimensionless Variance = 0.7066 1/N
Wetland Dispersion Number  = 0.8731 Solver

Dimensionless Variance Guess
Pe = 1.14530772 0.70659939

0.8731
Dimensionless Variance = 2/Pe - 2/Pe^2(1 - exp(-Pe))

Porta PSTA #10
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Porta-PSTA Tracer Test - Cell 10

Volume of LiCl Solution Applied: 0.010 L Nominal HRT: 8.17 d
Concentration of Li+ Applied: 78,457                   mg/L Avg. Flow: 0.27 m3/d
Mass of Li+ Applied: 0.78 g Avg. HLR: 4.4 cm/d
Date/Time of Application: 04/19/1999 17:45 Nominal Volume: 2.178 m3

Sample ID Date/Time
Sampled

Time
(days)

Calc Conc
(mg/L)

Corr Conc
(mg/L) Flow Rate (m3/d) f(t) C(t)dt f(t)dt QC(t)dt tf(t)dt f(t)dt(t-τ)2

10-1 04/19/1999 17:45 0.00 0.028 0.000 0.43 0.00 0.00 0.00 0.00 0.00 0.00
10-4 04/20/1999 5:45 0.50 0.100 0.072 0.41 0.01 0.02 0.01 0.01 0.00 1.30
10-8 04/20/1999 21:45 1.17 0.180 0.152 0.38 0.04 0.07 0.03 0.03 0.02 4.95

10-12 04/21/1999 13:45 1.83 0.180 0.152 0.36 0.05 0.10 0.04 0.04 0.05 6.08
10-16 04/22/1999 5:45 2.50 0.180 0.152 0.37 0.05 0.10 0.04 0.04 0.08 5.47
10-20 04/22/1999 21:45 3.17 0.170 0.142 0.21 0.05 0.10 0.03 0.03 0.10 4.74
10-24 04/23/1999 13:45 3.83 0.170 0.142 0.38 0.05 0.09 0.03 0.03 0.12 4.07
10-28 04/24/1999 5:58 4.51 0.160 0.132 0.29 0.05 0.09 0.03 0.03 0.14 3.51
10-32 04/24/1999 21:58 5.18 0.170 0.142 0.20 0.05 0.09 0.03 0.02 0.16 3.03
10-36 04/25/1999 13:58 5.84 0.170 0.142 0.11 0.05 0.09 0.03 0.01 0.18 2.73
10-40 04/26/1999 5:58 6.51 0.170 0.142 0.02 0.05 0.09 0.03 0.01 0.21 2.34
10-44 04/26/1999 21:58 7.18 0.180 0.152 0.35 0.05 0.10 0.03 0.02 0.24 2.05
10-48 04/27/1999 13:58 7.84 0.170 0.142 0.35 0.05 0.10 0.03 0.03 0.26 1.72
10-52 04/28/1999 23:25 9.24 0.160 0.132 0.34 0.05 0.19 0.07 0.07 0.57 2.44
10-56 04/29/1999 15:25 9.90 0.140 0.112 0.34 0.04 0.08 0.03 0.03 0.27 0.71
10-60 04/30/1999 7:25 10.57 0.140 0.112 0.34 0.04 0.07 0.03 0.03 0.27 0.49
10-70 05/01/1999 23:30 12.24 0.120 0.092 0.21 0.04 0.17 0.06 0.05 0.68 0.60
10-80 05/03/1999 15:30 13.91 0.110 0.082 0.07 0.03 0.14 0.05 0.02 0.67 0.11
10-90 05/05/1999 7:30 15.57 0.100 0.072 0.36 0.03 0.13 0.05 0.03 0.66 0.00

10-100 05/06/1999 23:30 17.24 0.087 0.059 0.17 0.02 0.11 0.04 0.03 0.63 0.13
10-110 05/11/1999 19:30 22.07 0.070 0.042 0.27 0.02 0.24 0.09 0.05 1.68 2.21
10-120 05/13/1999 11:30 23.74 0.063 0.035 0.37 0.01 0.06 0.02 0.02 0.52 1.56
10-130 05/15/1999 19:30 26.07 0.059 0.031 0.24 0.01 0.08 0.03 0.02 0.67 2.89
10-140 05/19/1999 3:30 29.41 0.060 0.032 0.30 0.01 0.11 0.04 0.03 1.02 6.39
10-150 05/22/1999 11:30 32.74 0.054 0.026 0.17 0.01 0.10 0.03 0.02 1.05 9.24
10-162 05/26/1999 11:30 36.74 0.050 0.022 0.37 0.01 0.10 0.03 0.03 1.17 13.70
10-163 06/01/1999 15:35 42.91 0.046 0.018 0.32 0.01 0.12 0.04 0.04 1.72 27.61
10-164 06/09/1999 16:45 50.96 0.030 0.002 0.00 0.00 0.08 0.03 0.01 1.33 29.58
Extrap. 06/15/1999 13:25 56.82 0.028 0.000 0.00 0.00 0.01 0.00 0.00 0.11 3.18

0.89 2.85 1.00 0.77 14.57 142.84
M0 M1 M2

Mass Recovery 98%
Excel Solver Routine Used to determine Peclet Number.  (Pe = 1/ )

Mean Residence Time τ a (d) = 14.57 M1/M0

σ2 (d2) = 142.84 M2/M0

Number of Tanks   N = 1.49 τ a
2/σ2

Volumetric Efficiency = 1.78 τ α /τ ν

Dimensionless Variance = 0.6727 1/N
Wetland Dispersion Number  = 0.7536 Solver

Dimensionless Variance Guess
Pe = 1.3268968 0.672699674

0.7536
Dimensionless Variance = 2/Pe - 2/Pe^2(1 - exp(-Pe))

Porta PSTA #10
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Porta-PSTA Cell 10 Bromide Tracer Study
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Porta-PSTA Cell 10 Lithium Tracer Study
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Porta-PSTA Tracer Test - Cell 23

Volume of NaBr Solution Applied: 2.50 L Nominal HRT: 6.42 d
Concentration of Br- Applied: 438,439                mg/L Avg. Flow: 0.96 m3/d
Mass of Br- Applied: 1096 g Avg. HLR: 5.3 cm/d
Date/Time of Application: 04/19/1999 17:45 Nominal Volume: 6.138 m3

Sample ID Date/Time
Sampled

Time
(days)

Meas
mV

Meas
Temp

Calc Conc
(mg/L)

Corr Conc
(mg/L)

Flow Rate 
(m3/d) f(t) C(t)dt f(t)dt QC(t)dt tf(t)dt f(t)dt(t-τ)2

23-1 04/19/1999 17:45 0.00 -65 25.1 4.1 0.0 1.08 0.00 0.00 0.00 0.00 0.00 0.00
23-4 04/20/1999 5:45 0.50 -112 25.1 32.5 28.4 1.08 0.01 7.11 0.01 7.66 0.00 2.04
23-8 04/20/1999 21:45 1.17 -118 25.1 42.4 38.3 1.07 0.03 22.24 0.02 23.85 0.02 5.96
23-10 04/22/1999 13:48 2.84 -121 25.1 48.4 44.3 0.96 0.04 68.86 0.07 70.04 0.14 15.90
23-12 04/23/1999 13:10 3.81 -123 25.2 52.8 48.7 1.03 0.05 45.26 0.05 45.05 0.15 8.70
23-16 04/28/1999 19:30 9.07 -116 25.2 38.8 34.7 0.94 0.04 219.53 0.22 215.70 1.43 25.27
23-20 04/29/1999 11:30 9.74 -116 25.2 38.8 34.7 0.98 0.04 23.13 0.02 22.21 0.22 1.39
23-24 04/30/1999 3:30 10.41 -114 25.2 35.5 31.4 0.81 0.03 22.04 0.02 19.71 0.22 1.10
23-30 05/01/1999 3:30 11.41 -110 25.1 29.8 25.7 1.07 0.03 28.56 0.03 26.76 0.32 1.11
23-40 05/02/1999 19:30 13.07 -109 25.1 28.5 24.4 1.07 0.03 41.75 0.04 44.70 0.52 1.00
23-50 05/04/1999 11:30 14.74 -109 25.1 28.5 24.4 1.08 0.02 40.68 0.04 43.80 0.57 0.42
23-60 05/06/1999 3:30 16.41 -106 25.1 25.0 20.9 0.57 0.02 37.74 0.04 31.09 0.60 0.09
23-70 05/07/1999 19:30 18.07 -106 25.1 25.0 20.9 0.74 0.02 34.80 0.04 22.72 0.61 0.00
23-80 05/09/1999 11:30 19.74 -107 25.1 26.1 22.0 0.36 0.02 35.74 0.04 19.57 0.68 0.12
23-90 05/11/1999 3:30 21.41 -106 25.1 25.0 20.9 0.91 0.02 35.74 0.04 22.72 0.74 0.44
23-100 05/12/1999 19:30 23.07 -102 25.2 21.0 16.8 0.89 0.02 31.44 0.03 28.38 0.71 0.84
23-110 05/14/1999 11:30 24.74 -99 25.2 18.4 14.3 1.02 0.02 25.91 0.03 24.70 0.63 1.21
23-120 05/17/1999 19:30 28.07 -98 25.2 17.6 13.5 1.09 0.01 46.19 0.05 48.61 1.24 4.05
23-130 05/21/1999 3:30 31.41 -98 25.2 17.6 13.5 0.89 0.01 44.87 0.05 44.40 1.35 7.26
23-140 05/24/1999 11:30 34.74 -100 25.3 19.2 15.1 1.14 0.01 47.56 0.05 48.26 1.59 12.29
23-149 06/01/1999 15:30 42.91 -88 25.4 11.3 7.2 1.05 0.01 90.98 0.09 99.70 3.58 43.47
23-150 06/09/1999 16:40 50.95 -73 25.4 5.8 1.7 1.08 0.00 35.97 0.04 38.34 1.71 32.41
Extrap. 06/11/1999 7:54 52.59 -65 -- 4.1 0.0 1.08 0.00 1.42 0.00 1.53 0.07 1.73

0.51 987.49 1.00 949.52 17.10 166.79
M0 M1 M2

Mass Recovery 87%

Excel Solver Routine Used to determine Peclet Number.  (Pe = 1/ )

Mean Residence Time τ a (d) = 17.10 M1/M0

σ2 (d2) = 166.79 M2/M0

Number of Tanks   N = 1.75 τ a
2/σ2

Volumetric Efficiency = 2.66 τ α /τ ν

Dimensionless Variance = 0.5703 1/N
Wetland Dispersion Number  = 0.5049 Solver

Dimensionless Variance Guess
Pe = 1.98062977 0.57029938

0.5049

Dimensionless Variance = 2/Pe - 2/Pe^2(1 - exp(-Pe))

Porta PSTA #23

DFB/15724.xls



Porta-PSTA Tracer Test - Cell 23

Volume of LiCl Solution Applied: 0.035 L Nominal HRT: 6.46 d
Concentration of Li+ Applied: 78,457                   mg/L Avg. Flow: 0.95 m3/d
Mass of Li+ Applied: 2.75 g Avg. HLR: 5.3 cm/d
Date/Time of Application: 04/19/1999 17:45 Nominal Volume: 6.138 m3

Sample ID Date/Time
Sampled

Time
(days)

Calc Conc
(mg/L)

Corr Conc
(mg/L) Flow Rate (m3/d) f(t) C(t)dt f(t)dt QC(t)dt tf(t)dt f(t)dt(t-τ)2

23-1 04/19/1999 17:45 0.00 0.036 0.000 1.08 0.00 0.00 0.00 0.00 0.00 0.00
23-4 04/20/1999 5:45 0.50 0.120 0.084 1.08 0.02 0.02 0.01 0.02 0.00 2.06
23-8 04/20/1999 21:45 1.17 0.150 0.114 1.07 0.05 0.07 0.03 0.07 0.03 5.98

23-10 04/22/1999 13:48 2.84 0.160 0.124 0.96 0.06 0.20 0.09 0.20 0.19 15.09
23-12 04/23/1999 13:10 3.81 0.160 0.124 1.03 0.06 0.12 0.06 0.12 0.19 7.37
23-16 04/28/1999 19:30 9.07 0.120 0.084 0.94 0.05 0.55 0.26 0.54 1.65 17.69
23-20 04/29/1999 11:30 9.74 0.120 0.084 0.98 0.04 0.06 0.03 0.05 0.25 0.75
23-24 04/30/1999 3:30 10.41 0.100 0.064 0.81 0.03 0.05 0.02 0.04 0.23 0.51
23-30 05/01/1999 3:30 11.41 0.094 0.058 1.07 0.03 0.06 0.03 0.06 0.31 0.42
23-40 05/02/1999 19:30 13.07 0.092 0.056 1.07 0.03 0.09 0.04 0.10 0.54 0.28
23-50 05/04/1999 11:30 14.74 0.088 0.052 1.08 0.03 0.09 0.04 0.10 0.58 0.03
23-60 05/06/1999 3:30 16.41 0.087 0.051 0.57 0.02 0.09 0.04 0.07 0.62 0.03
23-70 05/07/1999 19:30 18.07 0.082 0.046 0.74 0.02 0.08 0.04 0.05 0.65 0.23
23-80 05/09/1999 11:30 19.74 0.082 0.046 0.36 0.02 0.08 0.04 0.04 0.68 0.62
23-90 05/11/1999 3:30 21.41 0.079 0.043 0.91 0.02 0.07 0.03 0.05 0.71 1.17

23-100 05/12/1999 19:30 23.07 0.063 0.027 0.89 0.02 0.06 0.03 0.05 0.61 1.52
23-110 05/14/1999 11:30 24.74 0.044 0.008 1.02 0.01 0.03 0.01 0.03 0.33 1.14
23-120 05/17/1999 19:30 28.07 0.057 0.021 1.09 0.01 0.05 0.02 0.05 0.60 3.06
23-130 05/21/1999 3:30 31.41 0.060 0.024 0.89 0.01 0.08 0.04 0.07 1.04 7.86
23-140 05/24/1999 11:30 34.74 0.063 0.027 1.14 0.01 0.09 0.04 0.09 1.31 13.31
23-149 06/01/1999 15:30 42.91 0.051 0.015 1.05 0.01 0.17 0.08 0.19 3.11 46.35
23-150 06/09/1999 16:40 50.95 0.034 -0.002 1.08 0.00 0.05 0.02 0.06 1.15 25.27

0.54 2.14 1.00 2.06 14.76 150.74
M0 M1 M2

Mass Recovery 75%

Excel Solver Routine Used to determine Peclet Number.  (Pe = 1/ )

Mean Residence Time τ a (d) = 14.76 M1/M0

σ2 (d2) = 150.74 M2/M0

Number of Tanks   N = 1.45 τ a
2/σ2

Volumetric Efficiency = 2.28 τ α /τ ν

Dimensionless Variance = 0.6919 1/N
Wetland Dispersion Number  = 0.8181 Solver

Dimensionless Variance Guess
Pe = 1.22227824 0.691899582

0.8181

Dimensionless Variance = 2/Pe - 2/Pe^2(1 - exp(-Pe))

Porta PSTA #23
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Porta-PSTA Cell 23 Bromide Tracer Study
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Porta-PSTA Cell 23 Lithium Tracer Study
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